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IMFROVEMENTS IN GLAZING. W'lllTE STONeAy'ARE. 

Wedgwood’s impro^-aients. — FXP iyiTAiTONs by wedgwood. 

HIS inventions. CIJARAI^ri RISTICS OF TRUE PORCJ LAIN. 

• PORCELAIN OF DEIAy". OF COAI.PORT. OF WORCESTER.^ • 

OF H«T«yillAlft. * 9 • 

TiiRifosiRation of.carthcn vessels capable of confainii.^ 
fluid si^bstanccs iS an art^of the very highest antiquity. 

In the rudest staj^es of societ]^,«fli«? want of such vessels 
would call forth the iiiventiye powers iff mankind ; and, 
probably, the hard shells of soni# vepfetAble*pr<lllfictioqs, 
such as gourds and the largcf descriptions of nuts, would • 
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be adaptdi to the purpose. The (Aiant and infran- 
gible nature of i.he skins* of animals taken in the chase 
'would^ at a very early period, point them out as conve- 
nient recipients for fluids ; but the preparation of these, 
as well as the fashionin^and hollowing of wooden bowls, 
supposes a previous' kn,.-jvledge of some manual arts, and 
Implies^ tliQ possossioA %»f tools. After civen these had 
Ijeen attaine<l, and guppos^g tliat the existence of fire, 
and Its use in preparing f 4 )od,^had become known, vessels 
formed ©f wood^ or of the hides ex animals, would he of 
little use in renlleriiig tl^at knowledge ij^vailable. Some 
savage tribes thus circulnstaiiced,* l^ve, indeed, made 
wooden bowls subservient to iSlis purpose, by throwing 
into tTie fluids which thc^ contain, stones previously 
heated in the Are. This manner of boiling water, and 
t of cooking; provisions, is^ however, at best, but an incon- 
venient process, and would he immediately abandoned 
upon the discovery that certain earthen substances w^ere 
endowed sufficiently with the quality of resisting the 
action of fire. 

. • It must continue matter of doubt, whether the fashion- 
jng aiAl liardening bf clay was practised first by tlie 
bricl^maVcr or b^ the potter. We know tliat bricks, 
thoroughly burned, wqre used at tliq building of the 
tow’er of Babel, 2^200 years before the commencement 
of the Christian era, and 6*00 year^ prior t(i the carrying 
away into captivity of the fcraelitcs. I'liat the use of 
bricks, for tfie purposes of buiUing? must have become 
exceedingly common at this last-mentioned period, is evi- 
dent, from the great Kumbers- of tlte captive Jews who 
were compelled by their Egyptian ^task-in asters to pro- • 
secutc the manufacture. 1^. a|)pea;^s tVat/lie bricks 4hcn 
£na,{le were not •artificially burned; the chopped straw' 
which ’ten tcred intq their composition, and^wdiich served 
to hold ma^is tog(*ther, would, in stBcli case, liave hceu 
destroyed. SpecinfeR.s of •very ancient Egyptian 'bricks, 
"which have beent brought .to this country, confirm die 
su^posHifyn that^hebe^ of tlie sun w^as alone employed 
, in baking them. ' 
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Many ccntiiriel* later, the Romans conducted thg ma- 
nufacture of bricks with a great degree of perfectir ii. 

A •comparison of very ancient Roman ruins, with build- 
ings of modern elevation,, will show at once ho’ ' superior 
are the bricks employed in the**brmor, both as reganls 
solidity and beauty^ Spccimen,sl^of "the potter’s art, if 
even any such ,existe(f at an equally early pc^riod^ coulcl 
not be expected to continue ip being for so many agcs<f 
if, indeed, they had witi;«d!ooiU the destroying liatrd of 
time, and descended the presenf day, •they would not 
bring with thenj any direct t^flinony^of their date <jf 
production, and ccyild throw li\tle or no l^ght U})on the 
question of priority. If^is certain, however, that, in 
very remote ages, the potter's art had attained to*a con- 
siderable degree of usefulness^ since the earlit‘st authentic ^ 
records allude to the potter’s wjiecl as to an ifiipleincnt « 
of tlicn higli antiquity. 

The same wants \vould arise in difFeredt portions of 
the globe ; and in all cases, where similar means for their 
gratification presented themselver;, it is not surprising 
that these means should be equally embraced by alJ« 
Accordingly, it has been found, fii newly dis«?overccU- 
countrics, and among j»eo]>le ctpnparatively ruderanj un- 
acquainted with ijiost of the artf which conduce to hu- 
man convenience, that the use of earthen vessels has 
been cnjoyed.for ages^before the existence of the jieople 
was even surmised. Ainoii^ other proofs of this fact, it 
may he mentioned,* thati vases l^ve been found among 
the aboriginal Indians on the Mosquito shore, which, 
even hy those peopie, were^preswved as memorials of 
• antiquity. There isjio reason to doubt that thcsi?vcssels 
were^tjie manufacliur#of thej^ountry in which they we*c^ 
found, as the remains of ancient potteries have lll^en dis-j* 
cover<;d at a c(msi(lerable distance up tjie Black llTver 
that coast. • ^ 

There would he little advantage* in entering upon an 
investigation to iletermine tha pfecise (Wgree of antiquity 
of the potter’s art, if even ther^ exisR,*<l Any *8(1(11 ciqpt 
guides to direct us in the eii^iuirv. Jt will be more pro-.» 
» :f • 
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iitable at once 'to forego all fanciful sj^f^culations, and to 
commence the relation of a few facts, and such only as 
bear the stamp of authenticity. Tlie detail of these need 
not occupy much time or spac^, which may bo more ad- 
vantageously devoted to'\lescriptions of the art as it ex- 
ists in the present d;:y, ^1'an to the building up of theories, 
the truth of which can xiever be demonstrated. 

, We ieam, on the authority of Vitruvius, who wrote 
in the* Augusti^n age, thrt thfc Romans then made their 
water-pipes of spotter’s clay. This people, who intro- 
duced a knowlcage of th^ useful arti^ ]>rictised hy them- 
selves wherever their conquests wer(?*c’^ tended, established 
potteries in England, where, ai^/long other articles, similar 
water-pipes were made. Some of these, about a century 
ago, were dug up in IIyde^*ark. They w^ere found cO be 
two irichts in thickness, and were firmly jointed together 
widi comir|on mortar mixed with oil. 

It has beeft asserted that the ancient Britons were in 
the practice of making pottery before the invasion of tliis 
country by the Romans ; and in support of this belief is 
brought the fact, that urns of earthenware have been 
.^.aken from barrows in different })arts of the kingdom. 
t)n the other hand, the concurring testimony of various 
WTiters gives reason supposing that our ancestors 
were in those days supplied with sucli articles by the 
Venetians. Vestiges of considerable Roman potteries 
arc discernible in many parts.' of the island, and particu- 
larly in JStaffbrdshire, Cn the si'je of'tlic great potteries 
which have so long been carried on in that county. In 
sinking pits for various purposes, ' remains of Roman 
potteries have occasionally been discovered there at^a* 
u^nsiderable depth below t^e surfdbe.'* ^ 

' Governor Pownall relates, that in his time (177S) 
tlie men employee’ in fishing at the back cf the Margate 
Sands, ki thc'C^ueen's Channel, frequently drew up in 
their nets some coarse add rudely formed earthen Vessels, 
and that it was common*'!:© find such pans in the cottages 
of, these lishermtn. was for some time believed, that 

a Roman trading vessel, freighted with pottery, had been 
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wrecked here; blit on more particularly ^xaminin^ the 
spot, called by the hsliermen Pudding-pan Sand, some 
lleman bricks were Sdso discovered, cemented together, 
so as to x)rove that they lyid formed part of some build- 
ing. Further researches showed -hat, in Ptolem^^^s second 
book of Geography, an island wa‘^ designated as existing 
in the immediate vicihity. Such pans as were recovered 
in a sound state were of coarse materials and ruiJfe work- 
manship — many having ^/ery, nearly impressed .Upon 
them the name oP At^ilianus ; but fragments of a finer 
and more fragijp description pP*p®ttery were likewise 
brought to the surface ; and little douOt remains tha^ 
during the time of the ik>man ascendency in England, 
a pottery was established here upon an island whkh has 
long since disapi)eared, and ^lat the person whose name 
has been thus singularly preserved was enga^d in itS 
inanag€‘merit. 

The high antiquity of the art in China,* afid the pro- 
ficiency which had been acquired in its pursuit, several 
centuries before the produce of their manufactories found 
its way to Europe, will be shown in a future chapter^. 
Porcelain of superior quality w^as likewise made iik Japai^ 
at an equally early period ; and we learn from^ Proper* 
tius, tliat at a v^y remote dafe^^ the aft was commonly 
practised in Persia, the vessels -manufactured there 
joining to al^the excglleucies possessed by the porcelain 
of China, the quality of rtsisting the action of fire to a 
degree whicii fitteik them for being used in the prepar- 
ation of food. • • 

Most authors wl^ have noticed in any way the state 
of commerce amon^ the ancients, have referred to the 
Paanr MurrhiQa j)articularljj described by Pliny*, ayd 
mcntioneiT by various Gr?ek and Rom£ni autbom. Th5 
general opinion was long in favour of these vases^havi^ig 
been tlie true porcelain of CJiina. ojq^iion has, 

howev&r, been examined Vi thjconsillerable industry and 
erudition by M. Tabbi!'- le Bl^-nd and I^. Larclier, in two 

dissertations t, whereby it *is rendered evideiat 4hat tlie 

• * * 

• Nat. Hist. lib. xxxrii. •f M<Jxn. de Litt^rat. tome xliii. 

J# ^ 
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Vasa Murrhir^a were formed out of ^ transparent stone 
dug'^from tlie earth in some of the eastern provinces of 
Asia.* 

There is abundant evidence to show that Oriental por- 
celain Mfas not uncomdion in Europe during the first 
centjry. The piecfc\s cy ^this manufacture which, accord- 
‘ing to Pliny, were lir<rt seen in* itome, were brought 
there from Pontus in Asia, by the army of Pompey, 64 
year* before (Uirist.' „ h 

Little figure:* covered with a fiiit; deep-blue glaze, 
which are foiAid deplis^ited with Egyptian mummies, 
cause it to appear that porcelain was made in Egyjd in 
very ancient times. It is a cul^Ious fact, that the colour- 
ing mutter wherewith tlicsc figures are ornamented, and 
which has bten subjecteyi to various eheinical tests, 
'affords e^ery indication of its being oxide of cobalt, the 
identical substance employed for the same purpose by 
the European porcelain manufacturers of our day, but 
the use of which was unknown to us until a compa- 
ratively recent period. The ore of cobalt was formerly 
thrown aside by the miners of Saxony as useless, or was 
employed only in mending roads.t 
i' The Portuguese traders 'were tlie means of introduc- 
ing the fine carihen wares of China :\nto more general 
use in ISurope ; and the name assigned to the fabric, as 
distinguishing it from the coarser descriptions of pottery 
of domestic manufacture, was most probably given by 

*» it 

* Robcrt^'’(}n*s Disqiiis. conrerning India, second edit. ji. ,*>87. 

t “ yXboiit the end of the fifteenth century, cobalt appc'ars to have been dug 
up HI grt.il quantity, in tlie niiuc.s on the borders of Saxony and Bohemia. 
As it not known at hr5t to wl} it purpose^ n could be applied, it was 
thrown a,«idc as a useless mineral. The miners had an aversion to it, not) 
only because it gave them much it uitless laboin, but lK*cau‘.e it often iiroiled''? 
prejudicial to their health, by the arAenn^^il pakielw wP*' wdneh it com- 
bined ; and it apiiean even that the iikiieralogical name rau^it then first 
Voo''^its ri&e. hriseh derives it from the Bohemian word kinr^ which sig- 
mfies m«tal ; but the conjecture that it was iormed from coha?u^ which 
was the name of a spirit that, according to the sUficrstitious nnr.oiis of the 
times, hauiit^d inih^s destroyed the labours of tht miners, and often gave 
them a great deal oi unnecessary troublL, i.s more probabh'. The miners 
perliaps gave this name to'thO niincral out of joke, because it thwarted 
them as much as the supposed by exeiting false hopes and rendering 

their labour often fruiaess. It was cnee customary to introduce into the 
church sc/viv’e a^irayirir, that t^od would preserve miners and their works 
from and spints." — Jbickma^n, Hi&t. qf Invcnttunh^ vol, li, pp. 311, 
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them — pf^rcvllan^!, signifying, in the Portuguese language, 
a cup. It has been attempted to jjrove a different 
origin for the name*^ — attributing tliis to the resemblance 
which tlie glazing or varnish, and probably the colours, 
of porcelain Bcftr to the shells used in some p^rts of the 
lOast instead of money (couries*'', Jtnd which, from the 
similarity of their ^shape to tlijjrof the back of a little 
pig, were also called pnrcdUu * •• ^ 

'J'he possession of porcelain ves^ls afforded bug little 
insight into the itatuHe of their composkion or^tbe mode 
of their mani^acture, as to^ Itrnich many unfounded 
tlieories were from time to time ]>roposed. It was loffg * 
believed, on the authuoity of C^ardan find the elder 
Scaliger — who, although violently opposed to eaih other 
on various and more impofjant subjects, yet agreed iii^ 
this — that porcelain was made from a rnixtur# of broken 
egg and sea shells, which were preparatively buried in 
the earth for nearly a hundred years, • • • 

It was not until the beginning of the 18th century 
that any light was thrown upon the subject. At that 
time, the Jesuit, Francis Xavier (riintrecollcs, who was 
residing as a missionary in ('hina, contrived Jp elutle 
the jealous vigilance so generally practised toward 
strangers in th^ country ; and not 6nly ohtaine*! spe- 
cimens of the earths used in the com}>ositioii of their 
j)orcelain, fjut also^acquircd some knowledge of the 
processes employed in the manufacture at King-te-ching. 

A very circuinstaiitial Jotter wa*i written by the learned 
father oji the subject, and published by Grcfeier in his 
general descriptioi^ of China: l^ut owing to a want of 

S ractical knowledge on the part of l>*Eiitrec^les, his 
estfriptioiis yro^A^o defuetivc in many i)articulars^as* 
to aflbrtl^ little or no a^istance j hesKles whiiji, it wAs 
not until sojne time after the publmation of IWs le^er 
that arfy substances similar to the earil]^ trai^mitted by 
him ct)uld he discovcieif in Franca*.* 

About the same time, ani while ^the acquisition of 
these Chinese specimens 'was^ excitijig /he ♦ celebrated 
Reaumur to their examina|jon, and to the institutioh 
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a series of ex|icrirnents which will hereafter inen- 
tioneU, an incidental discovery made by the baron de 
Botticher, a (lerman alchemist, occasioned the estahlish- 
incnt of the porcelain manufacture in Saxony. While 
prosecuting his vain exj>eriiiieiits iiv i^earch of the 
philosopher's stonCj^this man prepared some crucibles, 
which he observed wefe, paused by* the action of lieat to 
assume all the characteristics of Oriental porcelain. 
l^Jinded by thq. avafice wliicl* prompted their visionary 
labours, the ad<Apts of that day sn mi > generally to have 
turned away from the iliiportant discoveries that courted 
their notice, and which wwe thus reserved to reward the 
patient investigations of more ^^Vilosophic minds in later 
times, i From this reproach De Botticher is free. The 
imi>ortance of ^ the real di/jeovery thus made was suf- 
ficiently af>parent, and he had the wisdom to abandon 
'immediately his forme? pursuit, and to give up the 
energies of'li's mind to the establishment of a ma- 
nufacture, which was, in the end, productive of more 
beneficial results to himself and to his country, than if 
he had indeed been successful in his alchemical labours. 
The w/ 3 rld at large ^lid not immediately reap the full 
*6 jnefit of this discovery, as, with a jealousy but too com- 
mon, the processes used in ihe Dresden works were leiled 
in impenetrable secresy. Up to the period of De Bot- 
ticher s death, in 171.9, only 'white porcelain was made in 
Saxony; yet the success with ^’hich this manufacture was 
accompanied, occasioned attempts at ipiitatioii in France; 
and porcelain' works were established at St. Cloud, and 
in the Pauxbourg St. Antoine at Paris — the fabrics pro- 
duced in which, although oF beautiful external a])pear- 
ance, were wanting in most of thc^ 'cJ^uj^ties essential t5 
^Dod porcelain. ' 

^ He anvestigations of Reaumur, already alluded to, 
were undertaken with more rational” views, ami pro- 
secuted with a more liberal feeling. The result of his 
researches was communicated by him to the Academy of 
Sciences,, e^d .puhtisheti by thiat body in 1727 and 1729* 
Having procured specimen® of Oriental^ Saxon, and 
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French porcelails, and broken them, ke proceeded to 
examine their internal structure. The j:i;rain in botli the 
Chinese and Saxon pieces appeared compact, smooth, and 
shining ; while that of tln^ French ware was Ws close and 
fine witlv)ut fu^tre, and its grain resembled ai^gar. He 
next j)roceetlcd to ascertain their^, lu»bitudes on exposure 
to great heat in a *cfuciblc, aijfl ' reported, that all tlfe 
European specimens were melUxl, while that df ("hiija 
remained unaltered. Thk mpst essential diftereucc led 
Ileauinur to discover •..he true nature of#j>orcelain, which 
is a scmi-vitritj^*d compound,^ifr whiclp one portion re- 
mains infusible the greatest heat to which it can Be * 
exposed, while tlie othta portion vitrifies at that heat, 
and enveloping the infusible part, jiroduces that smooth, 
compact, and shining textilfe, as well ds transparency,^ 
wliich are distinctive of true porcelain. Macqiicr, in Irts 
Chemical Dictionary, asserts, tliat Reaumur was wrong 
in classing the Saxon manufacture with tl>e bther fusible 
porcelains of European })roduction ; since the materials 
of which it is coinposerl have always been similar to 
those of which the (liina ware is iriade, one portion 
being absolutely infusible during Ulic baking. • 

Ju his examination of the two porcelain earths 
received from (^lina, which calleH in that country 
pc-tun-tsc and kao-liii, Reaumur > made a small cake of 
each substance, separately, and exposed both to the heat 
of a porcelain furnace. pe-tun-tsc, was fused 

by this means, witfliouV any addition ; while the other, 
kao-lin, gave no sign of fusion. He next Intimately 
compounded the t^» earths, and ^und, when the mixture 
• was baked, that it had acquired all the qualitiq,s of the 
finest Chinesjj wjreTf • ^ 

All fliat was then waifting for the pt-rfcct imitation <Jf 
this admirei^ production was the discovery of wiatengis 
analogous to thck*specimen furnished D'Jj^itrecolles. 
The ^arch for these wis veay spt^edily successful ; and 
the manufacture of porcelain# having, from this time, 
been taken under the royal jiatronage in firance, the 

I * . 
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works of Sovrs.s protlucod specimens of art which vied 
successfully witlj those of Dresden and China. 

Mr. Jonas Tlanway, in the account of his travels 
published in 1753, has given a detailed account of the 
immense collection of porcelain depositeil in tlie Chinese 
palace at Dresden. 

The vaults of this pj lace,” says ^Ir. Dan way, con- 
si{5t of fourteen apartmerjts filled with Chinese and 
Dresiian porcelain. OneAvoild imagine there was suf- 
ficient to stock i whole country ; alid yet they say, with 
an air of iin})oitancc, di;it a hundred thousand jiieces 
more are wanted to compiete the inlontion of furnishing 
this single pafacc. 

“ Here are a great number of porc.“lain figures of 
4 . wolves, bears^ leopards, — some of thcari as big as the 
jlife — a iJ. odigious variety of birds, and aeiirious collec- 
tion of different flowers. A clock is p3e])aring for the 
gallery, whose hells are to be also of porcelain : I heard 
one of tliern proved, and think they arc* sufficient to 
form any music ; but the hammers must l>e of wood. 

, Here are forty -eight large C3nna vases, wliicli 
^ppf‘ar»*to be of no use, nor any way extraordinary, 
cxcepl; foj* their great sizc^; and yet his Polish imijesty 
purchased them of the ^ate king of Pr;,'ssia at the jirice 
of a wliole regiment of dragoons.” 

One jiart of tliis collection must-have hc'm peculiarly 
interesting, as it exhibited, i\. an orderly arrangement, 
siJecimens of Djfcsden manufacUre laid up by tliis king 
of Poland, from the first efforts of De Jfottichcr, tlirough 
every subsequent gradation ; an idc i,'* says Mr. Parke, 
“ truly , philosophical, and whicli reflects more honour 
on, his memory than the ba. tering ’«w?y the liberties, of 
his^pubjccts for pieces of foreign porcelain.” 

- 4 . Frederick the Great, when he conquered Saxony, 
forcibly carried .away several of the be^t workmen from 
the manufactory at Meissen, hear Dresden, and con- 
veyed them to where, since tliat time, a con- 

siderahk quai.tity of vei^v good porcelain has been made 
for the private advantage of he monarcli. ^ As many 'as 
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500 men are constantly employed in thisTestablishwent ; 

1 ) 13 1 although muclw of their material* is drawn Irom 
Saxony, the Prussian porcelain has never equalled in 
quality that otljresden. • 

It is generally believed, that since the ti/ne jrhen 
they were first established by 'die Romans, j)Ot<^erieji 
have always existed in StaffoAishire, but it is» certain 
that until the beginning of Ae eij^iteenth century tht 
manufacture was f.on^ned^to {£ few objects of the 'com- 
monest and coarsest description.^^ ^ 

Tlic district *511 diis county wherein the great bulk . 
of English nianuiactured earthenware is •produced, is 
situated about a ntilc from the borders of Clyeshire. 
Tlie potteries commence at a village caile^l Golden Hill, 
ainl extend for a distance more than seven miles, 
])assirig through other towns awl villages to Lane End. • 
'rhe names of the places comprised in this ^li strict, iu- 
terinediate between the two already mentioned, aie 
Newfield, Sinithfield, Tuiistall, Longport, Burslern, 
(/obridge, Etruria, I Tanley, Shelton, Stoke, Lower Lane, 
and Lower Delf. All these have ^formeily been suffi- 
ciently distinct from each other ; but the increase of thy* 
staple manufacture of the district has called* fo» the 
erection of so in^y new potteries and dwelling-houses, 
that their individuality has been lost, and to a stranger 
the whole pA'sents A?ry much the appearance of one 
large town. In every part of the kingdom, except the 
district itself, the ^’holi? are ranked under* on^ general 
name — that of the Potteries. Etruria is the creation 
of the celebrated JoSah M'e^lgwodd, by whom the place 
was thus pained aftY one of the ancient Italiaif states, • 
celefiratftfl^for^thtf tastefuj firms it gavf to its potterj^^ 
sj)eciTnens of which have materially promoted Tjie ifn- 
provcfrmit oPour »nodern English wiAes.^ ^ 

In tbe year 1 wliep Dr. Plot publfshed f Natural 
History of Staffordshire, its Iftiffic in earthenware was 
very uuimpoi laiit — being carried on on^hy the^workmen 
Ihepiselvcs, or by pedlars, whotconveyed Ihc pieces 4n 
baskets on their backs tlircAigh^tbe adjoining counties.* 
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About the time just mentioned (I 696 ), two brothers, 
named Elers, came from Nuremberg, in Holland, and 
settled at Bradwell, where they made an improved kind 
of red ware, and introduced the art of glaring the vessels 
by throwing common salt into the oven at a certain 
period of the baking.* Every pnciution was used by 
the bretherfe to keep tlieir processes secret; and it is 
probable that this circumstance, joined to the success of 
the strangers, excited thfe enmity and jealousy of their 
neighbours to the deg^-'^e whicli obliged them to leave 
the country. The prete^tt assigned for‘this persecution 
was the alariTi occasioned by the fumTis from their kilns 
during the time of glazing. These fears subsided, 
however, when the process was continued by their suc- 
' cessor. This man, whose name was Astbury, had, it is 
“said, become master of' their secrets by a singular stra- 
tagem. Feigping to be of weak intellect, and assuming 
an appropriate vacuity of countenance, he obtained em- 
ployment in the Bradwell works, and submitted to all 
the drudgery and contumely which were drawn upon 
him by his supposed imbecility. By this course of 
"^iroceecling, he was enabled, unsuspected, to acquire a 
knowledge of all that was done in the manufactory, and 
to make models for l^isbwn use of all^lhe utensils. 

The advantages of this metliod of glazing with salt 
were so apparent, that in a short tlVne it was very gene- 
rally adopted ; and on Saturdav^ the day appropriated 
to this p'-ocpfes, the thick fumes from nearly sixty pot- 
teries fille»i the towns to a degree which darkened the 
atmosphere, and covered Hie hills "of the surrounding 
districtit 

' To Astbury if generally^asrribed the ibtre Juctidn of 
white stone-ware, by the adoption of calcined flints in 
its composition. 'The popular versicn of the origin of 
this improvement <stotes, tlirt wiiilc travelhng to 
London on horseback, ifl the year 17^0, Astbury had 

• The Ljli. is dpconvosed by this means ; and, rising in fumes, the alkali 
which It contains eorabuies wiih the sihea of the ware, and lorms a true 
^iglass which rovers the entire surfaceJj 
t Farke, Ciiem. Cat ji. 125. 
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occasion, at Dunstable, to seek a remedy for a disorder 
in his horse’s eyes ; lyhen the ostler at the inn, by buriiw 
ing a flint, reduced it to a flne powder, which he blew 
intp them. Xhg potter, observing the beautiful white 
colour of ‘the flint after calcination, instantly clbnc^ived 
the use to which it^i^ght be applied in his art."* , 
The merit of this man has befn somewhat ove^ooked, 
while contemplating the greater >(^11118 to admir%tioii 
possessed by his n^ore j^hildbophic successor in the eburse 
of improvement. That could Jpive been no Tcommon 
mind, however, arhich led Astbury to the long-continued 
pursuit of his ob^St, by means so humiliating ; and 
which also enabled him, on the occasion just related, to 
seize upon a fact thus accid^ tally presen 1 ;pd, and which, 
although of high importanclb to his art, mi^ht hav^ 
passed unheede<l before the eyos of many a common- 
place manufacturer. ^ ^ 

The step thus made was of consequence in preparing 
the way for the far greater advances towards perfection, 
afterwards accomplished by Mr. Josiah 'W'edgwood. 
This extraordinary man owed none of his success to for- 
tuitous circumstances. Devoting Iiis mind to ftatien]^ 
investigations, and sparing nekher pain^ nor expense in 
accomplishing hi# aims, he gathered round him talented 
artists from different countries, and drew upon the stores 
of science foif aid in pursuing the objects of his praise- 
worthy ambition. The Sarly and signal prosperity 
whereby his effbrft weff-e attencled, served oply as a 
motive urging him forward to new exertions, and as the 
means for calling fofth and oncouAging talents in others, 
"in a manner calculi^ed to promote the welfare of his 
couiTtiiy« ffPrevioflsly to ]|ps 4 ime, the potteries of StaT-» 
fordshire produced only inferior fabrics, flims^ as^tcT 
their ^miiteriaAs, aad void of taste ift their forms ann^ 
ornaments — the Best ainpng them |jein^ only Vretched 
imitations of the grotesque and unmeaning scenes and 
figures portrayed on the poiKielSin of C^hina. But such 
havjs been the effects resulting drom die &erTioiis and 

• Parke, Chim. C^t, p. 12a 

• • 
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example of this one manufacturer^ that tlie wares of that 
district are now not only brought ^into general use in 
this country, to the exclusion of all foreign goods, which 
had before been largely imported, but English pottery 
has since* been sought for and celebrated tfiroughout tlie 
civilised world, and '^adopted even in places where the 
art was nreviously prosecftited. An intelligent foreigner, 
M. Faujas de Saint Fond, writing on this subject, 
says, its excdlent workmaitship, its' solidity, the ad- 
vantage wdiich it; possesses of sustaining the action of 
i’re, its fine glaze impenetrable to acids, the beauty and 
convenience of its form, and the cheapness of its price, 
have given rise to a commerce sti active and so universal, 
that in travelling from Paris to Petersburgh, from Am- 
^erdam to the furthest part<^f Sweden, and froiji Dunkirk 
^to the extremity of the South of France, one is served 
at every inn upon Englisli.ware. Spain, Portugal, and 
Italy, are supplied with it ; and vessels are loaded with 
it for the East Indies, the W«st Indies, and the con- 
tinent of America.’*'^ 

It is not among the least of Mr. Wedgwood’s merits, 
*-^hat h^' overcame the^ disadvantages of a defective edu- 
catior.; and, amid the calls of an incessantly active life, 
found time wherein to school his min(' in all the disci, 
pline necessary for investigations purely scientific. The 
ample fortune which he acquired was ever ready for 
promoting the spread of knowledge, encouraging the 
efforts of genius, and Ifesscning; as far as possible, the 
sufferings of his fellow creatures. His charities, public 
and private, and especially iji his o\.n district, were ex- 
emplary and consistent. He gave life to many objects 
op public utility. The T ent and ?Jerr?y canal was 
undertaken and accomplishqid tlirough his influence ; and 
the ^‘benefits it Las produ^d to the district, agd to its 
proprietoi^, has:, fully approved liis wisdom in its pro- 
motion. 

The principal inventicJfhs of Mr. Wedgwood were — 
l.«, His ^a^/e ware ; the^ merits of which are, that it has 

f « Travels in England and Sc{)^land^(EngUsli translation), voL i. p* 97. 
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a dense and durable body^ and is covered^iWith a brilliant 
glaze^ capable of bearing uninjured sudden and^great 
vicissitudes of heal^ and cold. This Vare^ as it iivas 
capable of being manufactured with ease and expedition^ 
could be sold»at a cheaff rate^ and would stiil yield a 
handsome profit to the inventor. Its various qualities, 
so superior to any* possessed by previous manufacturer, 
of either doiAestic or foreign production/ caused thj^ 
ware to be taken into imm^iate mid universal favour 
with the public.* damoiig others, the ^uecn bestowed 
u))on it tlie tribute of her admiration^ and patronage ; 
commanded it fo b<^ called qmfns warv — a name which 
it continues to b(^ toj]^e present day ; %nd honoured 
Mr. Wedgwood by appointing him her majesty’s plotter. 

2. A terra cotta ^ which •could be made to resemble 

■wrphyry/ granite, Egyptian pebble, and othcj^ beautiful 
stones of the silicious or crystalline order. • 

3. Baftaltvfi, or black ware. This w^aa a black por- 
cclainous biscuit, having nearly the same jiroperties with 
the natural stone. It would emit sparks when struck 
with steel ; was capable of taking a high polish; resisted 
acids; and would bear, without injyry, a stronger^degree 
of heat than even the natural basaltes. 

4. White porcelain biscuif This w^are had a sirflooth, 
wax-like appearibcc, and was jTossessed of all the pro- 
perties exhibited by the preceding invention, differing 
from it only in regar?ll to its colour. 

5. BamhoOy or caiic-coiouredj)orcelain biscuit, of the 

'5ame nature as the j)reccding. * • 

G. Jasper. This was also a white porcelainous bis- 
cuit, of exquisite delicacy tfind beauty, having in general 
<^1 the properties oi%the basaltes, with this in addition, 
— that *t woilid receive tlurod^li its w hole substanjce, from 
the admixture of metallic oxides, the same cqjourff as 
tliost' Okides^coiiynunicate to glass or eiyimol in fusionT'^ 
This peculiar propertv,#which it^sJiares with no other 
porcelain or earthenware bod/^of either ancient or mo- 
dern composition, renders it* applicabltjn a^ve^jjr pleasing 
manner to the production of dtmeos, portraits, and* all 
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subjects that require to be shown in ban -relief; since the 
ground can be made of any colour that may be preferred; 
while the raised figures are of the purest white. 

7- A porcelain biscuit y possessing several properties 
that render it invaluable to the chemist, apd which have 
occasional this invention to be brought into general use 
ip all laboratories, "riie ware is CTtc'^edingly hard, being 
little inferioc* in this resj^^ct to agate, whence it is pecu- 
liarly adapted for forming fanortars. It resists the action 
of th^ strongest acids and df all corrosive substances, 
and has the further qjiality of being perfectly impene- 
trable by any known liqind. 

The invertigations of Reaumu^,-' already detailed, 
make it evident that the characteristics of jjorcelain, as far 
as dicy depencl. upon semi- vitrification, may be obtained 
when ingredients wholly frfsible are emjdoyed, provided 
**1116 fire be carefully withdrawn from the oven at the 
precise moment when vitrification has arrived at, and 
not proceeded beyond, a certain point. Accordingly, 
this porcelain was, at one time, very commonly produced 
both in this and other countries. I'lie quality of goods 
thus composed is always inferior to tlicat of true porce- 
■'^ain ; and, if further or again exposed to the heat of the 
furnace, nlic substance wcrild entirely change its nature, 
and run into a vitreous ‘and shapeless mass. 

Porcelain of this description, much esteemed for its 
beauty, was long manufactured at 'Bow aifd at Chelsea. 
It was not until the year 17(>8, that IMr. C’ookworthy 
discovere^l certain mineral substances' in Cornwall similar 
in tbeir properties to the porcelain earths of (Uiina; and 
having seemed to himself, by paten?, tlic exclusive right 
of using those materials, was the fr-st person who made 
tfiie porcelain in p]iigland. ^ ^ ' 

‘in practising this art, Mr. (bpkwortliy, and those to 
whom he afterwards assigned his j/atent figlit,-aftained 
to consicferable success as regprded tile quality of their 
manufactures, although the demand for their goods did 
not prove ])ropflrtionate tb the money expended in 
biinging the processed* to perfection. One probable 



CHAP. I. • f HISTtfnCCAIi ^OTIGES. * 19 

cause for the inadequacy of their remuYeration^ existed 
in the successful efforts of Mr. Wedgwood, whic8 have 
been already detailed, for improving the quality of com- 
mon earthenwares made in Staffordshire, whereby foreign 
porcelain was^r^ndercd l&s an object of desirCj^and con- 
sequently its successful imitation ^as no longer consi- 
dered as being of any great importance. • 

The extents to which, in the year 1785, this ]flanufar»< 
turc had arrived, and its im{»ortarib*e to the three.Tgreat 
interests of the countiy — fanded, maritiqse, and^commer- 
cial — may be collected from thee evidence then given by 
Mr. Wedgwoo(f before a comnSittee of the privy councif, 
and at the bars ol^ Uie ^\jo houses of parlTament. The 
question at that time under the consideration of the legis- 
lature, and upon which these examinations were taken, 
arose out -of the proposal of government to abolish thb 
system of commercial restrictidns and disabilities then 
existing between Great Britain and Ireland, and to 
render the intercourse between tlie two divisions of the 
empire nearly as free and unrestricted as that between 
the counties of Durham and Northumberland ; a pro- 
position so perfectly natural and •reasonable in^itself, 
tliat, hut for the po^ssessioii of records wherein they have 
been preserved, we might reaSly be at "a loss to edbjee- 
ture the nature of the arguments whereby it vras opposed 
and defeated. 

In the coifrse of tlfb discussions to which this subject 
gave rise in the house of lords, ,the marquess of Lans- 
downe, remarking *upon the evidence given by tlie re- 
spectable merchants and manufacturers at the bar of 
the house, declared ^that the result to which lie^iii his 
own mind had arriv'd- was the very opposite to tlyj 
com^ction Avlff ch ^hey hail Sdopted. ^ Thouglj much* 
valuable information may,” said his lordship, ^oubl- ^ 
less, be cierivAl from their evidence, if must nqj be for- 
gotten that they are men peculiarly subject to prejudice 
and error, in all cases where tlfcir personal interests are 
concerned. AV ere any one, for instancy to manu- 
facturer of Halifax, wliat is tlft greatest crime upoh 

c • 
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earth ? Is it fe^pny, is it murder, is it farricide ? No ! 
he wduld ansv^er ; it is none of these — it is the ex- 
porting of wool/' 

In later times, wo have seen this measure of justice 
and sound policy more succeiisfuUy brought forward ; 
and i^ is acknowledged that each country has since been 
reaping benefits in consequence, up^)K' the inevitable ar- 
rj^val of- which nothing '‘but the strongest commercial 
preju'lices and natknal jealousy could have thrown 
even a moinentstry doubt. , 

Mr. Wedgwopd, in i*he course of the evidence al- 
ready alluded to, thus renlarks : — Th6ugh the manu- 
facturing part*'alone in the Potteries, aLd their immediate 
vicinity, gives bread to 15 or 20,000 people, yet this is 
, but a small object when compared with the many others 
v'hich depend on it; namely, 1st, The immense quaii- 
'^tity of inland carriage creates throughout the king- 
dom, both for its raw materials and finished goods. 
2d, The great number of people employed in the ex- 
tensive collieries for its use. 3d, The still greater 
number employed in raising and preparing its raw ma- 
terials, in several distant parts of England, from near 
*^1?he Land’s End, in Cornwall — one way along dif- 
ferent* p^irts of ihe coastf to Falmouth, Teignmouth, 
Exeter, Pool, Gravesefid, and the Norfolk coast ; the 
other way to Biddeford, Wales, and the Irish coast. 
4th, The coasting vessels, which, diter havihg been em- 
ployed at the proper season in'tlie Newfoundland fishery, 
carry these Inaterials coastwise to Liverpool and Hull, 
to the amount of more than 20,000 tons yearly ; and 
at times when, without this s^mployinent, they would be 
laid up idle in harbour. 5th, Thos further convey antic 
%ff these material from those ports, Ly rl/er and canal 
navigation, to the Potteries, situated in one of the most 
’'^inland parts of this kingdom; and, -6’th, Theoro-con- 
veyance of the finished goods to the different parts of 
this island, where they ure shipped for every foreign 
market that is op"en to the earthenwares of England.” 

*Mr. Wedgwood very justly observed further, that 
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this manufactuW is attended with soqi^e circumstances 
of advantage which are almost peculiar to itself ; viz. 
that the value of* the finished goods consists almost 
wholly in the labour bestowed upon them ; that every 
ton of raw iflaAerials produces several tons of merchan- 
dise for shipping, the freight beii^ paid, no? upon the 
weight, but according to t^e bulk ; that scarcely a 
vessel leaves any of our ports whose lading not^n 
part made up of tlies^ cheap, •bulky^, and, foi# these 
reasojis, valuable ai^icles, to this maritime country ; and 
that fully five^parts in six of tlfe aggregate manufactures 
of the Potteries ace exported to foreign markets. • • 
Important as*were^c advances whith at that time 
had been made in the art, Mr. Wedgwood wap still of 
opinion that they could considerei> but as the be-^ 
ginning of improvements, — that these wer^ still bu^ in 
their infancy, and but of little moment when compar®* 
with those to which the art was capaUlai of attaining, 
through the cantinued industry and growing intelligence 
of the manufacturers, in combination with and fostered 
by the natural facilities and political advantages en- 
joyed by the country ; an opinion fully borpp out by 
the event, and which our progressive experience slu^Ws 
to have been founded on clAir and accurate pereSptions. 

The manufacture of earthenwares in England is far 
from beiyg restrmted to the district in Staffordshire 
which has been acscri^ed already as having acquired 
the name of thc^ Potteries.^' Establishments for 
making the commoner, kinds of wares are to«be found in 
many and varioqp parts of tl^e kingdom ; at Lambeth, 
especially, several maiiuTactories of stone pottery have 
Ueen carrmd i^n Vor con|iderahly more than a century, 
prdd(lcilig*^articles whith nave neveS' been sijrpassed in 
any country, either for the excellence of thei» mafihrials 
and tt^orkmansjlip, or for the magnitude of the vessels 
anc^ the variety of uses jto vdMch they are adapted. 
The Lambeth ware may, ii^fact, be pronounced perfect 
of its kind. T • • • 

Porcelain has long been nfkile at Derby, and atC^oal- 
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portj near Colcbjcook Dale^ in Shropshif'e. EstablisJi« 
inents'iiave subsequently risen in the city of Wor- 
cester, wherein very beautiful specimens are produced ; 
and yet more recently, the manufacture of excellent 
porcelain has been engrafted i^pon a long-established 
pottery for commoner wares, situated at Swintdn, near 
Rotherham, in Yorkshire. At the Rockingham works, 
wdiich hyve’^been so named in coinplimfcnt to their 
early patron, the celcbrate<l »*marquess of Rockingham, 
porcelain is now, ^produced which > ies successfully in 
every kind of e^^cellcnc#* with that of older English 
«»stablishnients. . Among rftany other specimens which 
attest the profkiency of the y§rkshir£* manufacturers, 
two may, be more particularly mentioned, wdiicli arc de- 
serving of more than common^ attention as denoting the 
"degree of advancement to which the art hjis reached in 
‘ England. * 

C>ne of these pieces is a copy in enamel colours, made 
on a porcelain tablet, from an original painting by Van- 
dyke, and now in the possession of the noble inhabitant 
of Wentworth Castle. The subject of the picture is. 
The earl of Strafford, occupied in dictating his defence 
to*;his secretary.” The execution of this copy does 
justice to the masterly original ; and, in regard to ex- 
pression and colouring, has been pronoffiiced equal to 
the most admired productions of the Sevres works. 
The other specimen is remarkable not only for elegance 
of design, and the goodness ol* the workmanship, hut 
also becau^ it' is believed to be the largest piece of 
porcelain that has hitherto been made in this country. 
Tt is a scent-jar, foYty-four inches high, made and bred 
ip one entire piece. The base, or pli’nh, is triangular, 
haviiig a circular projection aK Q?ich angfe ; trom -these 
rise -aions’ paws, upon which the globular body of the 
■ jTTi is supported. Thfc scent is allowed Uf escape th/oiljgh 
hexagonal openings in ±he neck. , The jar is divided mto 
three compartments, by as matiy rustic handles of knotted 
oak ; while branches of the same tree, with their rich 
foliage rising from the plinth, arc spread tastefully over 
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the lions' paws, and thence entw'ining wfth the handles, 
rise and encircle tin; base of the neck. , The ornaments 
of the cover are in keeping with tfiose of the jar, it 
being covered ^with hrain^ics and foliage of the o ,k: the 
whole is surmounted by the figure of a rliinceeros. 
1'he three compar^^n^nts into which the jar is ditided 
are enriched with highly finished painting^ in enamel 
colours, executed by one of tj^e proprietors of th? workr*, 
from designs by^ Stcjfharil, the subjects, of wdiidf are 
drawn from the admirable romance of CervanUis. The 
circular projections at the base, am? the cover, are 
adorned with i»ai^jftngs from •nature, of jix suhje(?ts olT * 
rare botanical plants, tfi? originals of which are in the 
conservatories of Went%vorJ;h C'astle. I'lie whofe is re- 
lieved and enlivened by ornamental wort, in burnished 
and chased gold ; and the woijw, both in its flesigii am^ 
execution, is highly honourable to the artists. 

U[) to a comparatively recent ]»euod,* fi\e manufac- 
ture of earthenwares formed one of the very few bnanches 
of domestic industry which were left fr(*c from the evil 
effects of direct taxation, and, exce])t in one branch, of 
very minor importance, the art is*still in the enjoyment, 
of this immunity ; to which fj^voiiralde circumstance mSy 
be imputed m«ch of the signal amf uniform suc'ess 
whereby it has been attended, lii the year when 

ihe duty upon glassi bottles was doubled, the manufac- 
turers of these represented to the chancellor of the ex- 
chequer, tliat unless •a countervailing tax was levied 
upon stone bottles, the latter, being wholly uifcurthened, 
w'ouhl possess an •unfair jidvan4age, and might be sold 
«iit prices that wq^ld drive glass bottles out of use. 
This vas^a^^noiof argumeijt in no wise unpalateabl# to 
the minister, who readfly caught at the suggeation pf, a 
ne\w <j3ject*for taxation ; and a duty of five •shilling® 
on each Imndrdllweight w^as immediately imposed upon 
all stone bottles the contehl of^ wliich should be two 
quarts and under. • • 

The levying of this duty c^lls for the a'ft^endan^ of 
revenue officers at all hours on the premises of eve^y 
• 4 * 
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Stone- ware maDufacturer throughout the kingdom ; and 
it is ^/ery much to be doubted whether, in any one year 
since its first imposition, the expenses of collection have 
not more than absorbed the whole amount paid hy the 
potters. The total quantity ot stone-W4aie made which 
is chargeable with the duty does not exceed '600 tons 
acsinually, and a large proportion of this is used for pur- 
poses t(v which glass has never been applied. It is not 
very ^likely that stoive-ware, the utility of which for 
many purposes ^s exceedingly groat, *would ever have 
been broiight into competition with a material so much 
lighter, and in many respects so mupli more convenient, 
even had the' pottery continqpd free from the domi- 
ciliary yisits of the exciseman ; and now that the ex- 
periment has been fairly tried during nearly twenty 
y^ars, an(J has been found unproductive of’ any real 
revenue, there can be no' sufficient reason for continuing 
the impost. . . 


o 
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CHAP. II. 

GENERAI* DESGI&PTION OF INGREDIENTS USED* IN THE 
* IJANUFACTURE.* 

DIFFERENT BRANCHES OF TUB ART. INGREDIENTS *USEn.—9 

PROPERTIES OF ALUMINA.^ — frs llA’USlUILlTY. CON'W.AC- 

TION WHEN EXPOEKl) G'O HEAT. WEDGWqpD*S PYROMETER, 

COMPOSITION OF GEMS. GREA^ ABUNDANCE OF CDAT. 

properties 01« .SIDICA. ITS •GREAT aIiUNDANCE. SEA 

• 

SAND. fNCAPAlJI^tf OF ARTIFlrt[AD SODUTIOI^ IN WATER. 

DISSOLVED NATVRAI.LY. -•-•iPRlNGS AT CARLSBAD. BOILING 

FOUNTAIN IN ICELAND. 1- U SION OF SILEX. KINDS 4>F CLAT 

USED IN POTTKRIFS. THIKU VARIOUS 14SR1TS. CHINA 

CLAY OF -CORNWALL. M01?E OF ITS PREPARATION. I^jp 

ANALYSIS. CORNJSU FF.LSPAR. — ^TS FUSIBILITY. -^STEATILE. < 

— Earth or baudissfro. — its analysis. — cornish sope- 

STONE. SPl'MA MARIS. IT.S £MPf.OYME:^ft %'jV PORCELAfN 

WORKS IN SPAIN. 


TiiPi art of manufacturing pottery and porcelain natu- 
rally divides itself into four different and distinct 
branches : the first of these comprehends a knowledge 
of the nature and peculiar ^iroperties of tlie wirious 
materials^ where§f the vessels afe composed ; the second 
comprises the methods used in combining tliese mate- 
rials^ and ih fashioftiiig the vessels ; the third branch 
includes the choice and management of the colours and 
enamels employed in^painting and ornfEmegting the 
warcSj together with the operations necessary for their 
conversion ; and tffe last divisioh embraces the means 
wjcyiired for coinplo^ng the manufacture by the aid of 
fire, ki i^criblng^ the cUfii^rent stages of 

manufacture as they occur^ the painting and^bakkig 
processes mifbt unavoidably he inieriitingled, 

Thp chief ingredients employed iji thft composition of 
all kinds of pottery are clay «nd*fiint : these are both 

classed by chemists among tHfe primitive earths. The 

• • • • 
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first of them, « ill its state of purity^ is denominated 
ahnmtia, or oxide oi‘ aluniinuni ; an<l tlie latter is called 
silica, or oxide of silicium. « It is*oiily since the year 
17*^4^ that alumina has been a^*knowledp;ed as a peculiar 
substance ; and the period is much iifofe recent when 
the rfcscarclies of Dx/y proved it to belong to the class 
ot" metallic. oxides. ^ ^ 

• It is of great importance to make choice of a suitable 
kind‘of clay for the manufacture ; but, accortUng to 
the remark of* the celebrated \auquelin, it is much 
more important ^to com^jjie this "with a^due proportion 
of flint, as g^iod pottery tliffers fron^ that which is in- 
ferior less in the original qudiltty of its elements than 
in theii* proportions. 

Clay is an opaque and ifcm-crystallised bojy, of dull 
^ ^Fracture, jfbft enough all states to take a mark from 
iron; when breathed on it exhales an odour which, 
from its peculiarity, takes its name from the material, 
and is termed argillaceous. I'his is oiviiig to the oxide 
of iron which is mixed with it, as clay, when absolutely 
pure, does not emit any odour. Clay forms with water 
.f^plastk’ jjastc, having considerable tenacity, and which, 
by tln^ action of eat, is \jrought to a very great degree 
of liardness : it is compact, smooth, anA almost unctuous 
to the touch, and when* dry, may he easily polished by 
the finger. It is not soluble in waier, but fnixes readily 
with it in all proportions, parting wdtli difficulty from 
the last portion of thatVhich it liarf* absorbed : it will 
adhere to tiie tongue. The description of clay employed 
by potters is infusible hi thedieat of^a porcelain furnace, 
wdiere some kinds, owing to their ^'irig combined widi * 
ojitle of iron, asspme a red kolour, while ■i'rs.bechmc 
of -a piA’e w'hite. The highest temperature to which 
—clay can he exposed tends only to increase its Jefisity, 
hardening^ its s^Ubstance ami diminis^tiing its volume. 
Tliis diminution of voIuhr* produced by increascl tem- 
perature is an apparent deviation from the general law 
of expansion by h&t ; b^t the deviation is only apparent. 
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anfl is probably produced by the vai»orisd*:ion of licyiid, 
combined with the clay. Mr. Wedgwood found that 
ihe-diminiitioii of volume produced by exposing the clay 
to these extreme tcmperatytres, continued the same after 
the clay \vas sbftered to cool, and therefore .that its 
amount admitted o|[ deliberate ant^ accurate rneasHirc- 
ment. He alscj sup]>osed (though erroneously,) that the 
sliriRkage of the clay was always ^X)roportional to the' 
tem])eraturc to wliich hatii] been exposed*. This left to 
his w'ell known invention of the pyromfiter, an instru- 
ment for measuring degrees of „temperafare beyond the^ 
range of the coiutjitni thermofneter. Thjj instrument 
consisted of small cylinders, composed of two parts of 
the porcelain clay of Corntyall, and one^part of pure 
alumina. TJiese, ’when baked •in a low red beat and then 
cooled, were constructed of suclw a size as just lo enter 
between the wider extremities of two brass rods, fixed 
on a plate twenty. four inches long, half an'iiich asunder 
at one end, and three tenths of an inch at tlu^ oth.er. 
'fhese rods were divided to tenths of an Inch, and con- 
sequently each division formed the 240th part of the ^ 
wliole length, ''rite clay cylinders, 'being exposed to the. 
heat which was required to hctdeterniiqcd, w'ere siibse- 
queiitly inserted between these *i)ars, and by reason of 
their contraction they advanced between tliem to a point 
dej)cnding on*tlu‘ anitunt of tlieir shrinkage. 

This pyrometer, liowevdr, lias been found to be sub- 
ject to a fatal deleft. The shriiikage of the clay docs 
not depend on the temperature alone of the fire to which 
it is exposed, but alfo on the lenp;th of time which the 
•fir«e has acte«l upon i^^ Thus a lesser degree of beat Avill 
))n)dhce ^hcMune^hnnka^e is a greater, degree, })rovidtfJ 
the clay is exposed to the former for a longer portion of 
time. * TJ.lie iil^trument has been, consefiuently, Jong since 
totally laid aside. * , * 

Some of the most valued among 'tlie precious stones, 
such as rubies, sapphires, emeiSlds, ja^t>ers, and otliers, 
are composed of either alumina fr silitSi, of of the two 
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earths in coAibination, together -with different small 
portions of lime^ or oxide of iron^ or magnesia^ &c. 
The different kinds of clay are most abundantly spread 
over the globe^ forming in m^ny situations entire moun- 
tains^ in other places existing in vast ^beds, and else- 
'whare lying among^other mineral substances disposed in 
strata. If has been generally held that clay results from 
\ the sld^ decomposition of silicious and aluminous rocks, 
whigh being i^cted on by wa^pr filtrating through them, 
their constituent parts have, in the cburse of ages, been 
separated ; tlie iighter knd finer portions^remaining united 
*at the top, while Uie grosser but*.less tenacious parts 
have been resolved into sand^t deposits. 

SilhUy or pure flint, which forms the second material 
in the composition of pottpfy, has been considered as a 
•primitive earth. It is of very common occurrence in 
most parts of the world, in primitive mountains. It 
is frequentiy* found in great abundance imbedded in 
chalk. In Scotland and Ireland it occurs in secondary 
limestone. Flint abounds in alluvial districts in the form 
of gravel : an inexhaustible supply of excellent quality 
' might be collected oa some parts of the sea-coast of Eng- 
*«iand, and particularly at and near Brighton, where there 
is ehbugh of this matejiSd, known uyder the name of 
shingle, to serve the whole manufacturing wants of 
England for ages to come, while its remqyal would be 
attended with advantage to the place whence it should 
oe taken. Flint is silica in a «state, nearly approaching 
to purity, its constituents being 


Silicq. 

98v 

Lime 


Alumina ^ 

(f^r. 

^f)xide of irof* 

0-25 

Loss 

«r 

1- 

1 

If ' 

100- 


It is ustially gre^, with occasional striped delineations 
o<!curring in its substaA'ce. It is obtained generally in 
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rolled pieces, but often occurs in irregular shapes. It 
has internally a glimmering lustre ; its ffteture is gon- 
choidal, and its fragments are shar pledged. It is 

translucent. When two pieces are rubbed together in 
the dark, they emit phosfdiorescent light, and give off 
a peculiap srnetl* We are unable to dissolve £ilex in 
water. This process ^s, however, ca)nstantly perforfne(J 
by nature. Tfee investigations «f Klaproth ejiabled him 
to detect 25 grains of silox ii^ lOOQ .ounces of the prin-* 
cipal mineral spring CaPlsbad, in Bohemia ; and* the 
celebrated boiling fountain at Rykum, in*Iceland, depo- 
sits so considerable a quantity 4>f siliciofts earth, that a 
solid cup has been •formed arflund it, ris^g to a con-* 
siderable height. This* Solution of silica 4s probably 
owing, in both these cases, the solvent power of soda ; 
wliicli is also present in thf: water. Tne water from 
tlic spring at Rykum used formerly to be projected int(^ 
the air to the perpendicular height of 60 or 70 feet ; but 
the overthrow of a mass of rock having siflee partially 
covered its orifice, the stream spouts out laterally to a 
distance of 50 or 6*0 feet. The heat of the liquid, after 
it has reached the surface, is sufficient to raise the ther- 
mometer to the boiling point of wafer ; and there h little^ 
doubt that the fluid must hav^ parted with some pprtiofi 
of its heat on em^ging into the atmosphere. The ca})a- 
hility of water, in its dense or liqxiicl state, to assume, 
under these* circumstances, a higher degree of heat 
than that at which it boilS under ordinary atmospheric 
pressure, may he •parti attributable to tlu3 depth from 
which it is brouglit, inrfluenced by the same*law that 
occasions fluids to Iftjil at Inwcr temperatures on the tops 
o£ higli mountains.^ Silica is also found existing in so- 
lutlbn v\ tb^ Balii waters, i ^ 

The best flints are of*a dark grey colour, approachr 
ing t,# black,* and Jiaving a considerable degree of trans- 
parency. Those*which exhibit browm^br yellow^ spots 
on their interior surfaces shinjhl be* rejected, on account 
of the ferruginous particles «ivhich tiiey contain, and 
wdpeh w’ould occasion blemisl^s in <he wane. • Those 
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larger masses of flint are always most preferred by 
the potter, wK*ich, being dark and clear within, are co- 
Tered with a white crust externally. The rolled pieces 
which are taken from chalk pits are mostly of this de- 
scription. 

De Saussure asserts that pure silex iiidy be fused at a 
heal' equal to 404?3 degrees of Wedgwood’s jiyroineter ; a 
hegree so , far beyond any that has yet been observed, 
>that oife is at a loss to know upon what data the asser- 
tion*is founded. 

The clay prhicipally used in die potteries of Stafford- 
shire is brought to th?;in from Dorsetsl'ire and Devon- 
‘shire. These earths are both off, excellent working 
quality, and, '‘being free from Ctiiy impregnation of iron, 
are vahiable for the great whiteness which they exhibit 
when burnt. 'The Dorsctsiiire clay is brought from the 
Jsle of l\irbcck. It is of two kinds, distinguished as 
brown clay and blue clay : that from Devonshire comes 
from the soutKcrn part of the county, and is also of two 
distinct qualities, which are knowni as black ciay and 
cracking clay. The clay from Dorsetshire is considered 
preferable to tliat from Devonshire for the potter s use ; 

^ Vio tha* it commands & price in the potteries equal to one 
‘eighth more than the latter. 

The good qualities o^’ brown clay a -e, that it burns 
of an excellent white, and is not liable to crack during 
the process of burning. On the oth'jr hand,”it is subject 
to the considerable imperfection of erazutg , — an evil 
which iiifbaces some munufactuj^ers t > discard it alto- 
gether fri.a: their works. Crazing is a technical phrase, 
used to denote the cracking of the :“laze, which is be- 
lieved to arise from the imperfect manner in wdtich thi'^ 
is capable of uniting itself with 'flie clay;, composing 
the body of the ^x•ssel. This defect of crazing is not, 
liowevci, always referable to the cause here assigned, 
but may V>e owing equally to the faulty nature of the 
glaze, which may not be capable of perfect fusion m the 
heat of the kiln ; or it mey result from the error of the 
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workmen in withdrawing the wares from the kiln at 

too early a period, and before tliey are properly cotfcd 
the glaze, which is jn fact glass, requiring great care- 
fulness in this respect for its proper annealing, and 
being, without it, very liable to crack with every mate- 
rial variation olF*temperature to which it may*be sud- 
denly exposed. « ^ • I 

lilue clay combines the g#eatcst numl>er 
qualities, and is the most gei^eralljfc esteemed, of all the 
four descriptions liere^meTAioncd. It burns exceeiWngly 
white, forms a very solid quality ^f ware, and is capable 
of being advantageously combified with a greater quau<& 
tity of silicions ea^rth, or flint* than any«of the other 
kinds; a quality which is* desirable, because the ^greater 
the proportion of silica tlvat is used, tjie whiter will 
prove the ware : the limit t(? the use of flint Jjeing tlirf‘ 
inability of the clay to hear it ifi combination beyond a 
certain proportion without cracking. Bpth these d^ 
script! ons of clay are much used as ingredients in the 
manufacture of porcelain. 

Black day owes its distinctive colour to the quantity 
of coaly or bituminous matter wli^ch it holds in 
bination, but which is entirely consumed and dissipated* 
when the clay is submitted 4o the h«at of the •oven, 
leaving the articRvs of which it* is com}>oscd of a very 
good white ; and wdiich is, indeed, found to he the more 
perfect in pixiportioif’ as the clay has originally been 
blacker, bracking day has acquired its name from an 
evil property of Occasioning the ware to*cr^^:k while 
undergoing the lirst application of fire. To comiiensatc 
in some degree for*lhis cvtl, the goods in which it is 
employed prove of a% extreme whiteness. Much judg- 
meiA aixl c^ieriAice muj^t ^)e broughl to the eiiiplo)*’- 
ment of this day, that its tendency to crackiug in&y 
be as fiiffch as ])0j5ible corrected by a prc]>ortij)nate ad- 
inixturp. If day of any descriptioji*were dried without 
the addition of any other bodjf^ after being made suffi- 
ciently plastic to be modelled bn the jiottfr’s^Avhcd, it 
must inevitably crack, as the ef-aporation of its wafer 
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wiU occasion (t to slirink in the proportion of one part 
in trwelve during the drying* 

Another description of clay> inu?h prized for the ma- 
nufacture of finer kinds of earthenware and porcelain, 
was found in Cornwall by Mr. Cook worthy^ as already 
mentioned^ and is commonly denominated China clay. 
£rhis is very w'hite ‘and unctuous t j the touchy and is 
obviously ‘formed by the gradual disintegration of the 
felspar of granite. - Inhere are found in Cornwall large 
mountains of ^this mineral^ sonr 3 o^ which are thus 
partially decomposed this China clay proves, on ex- 
^ainination, to be identical with the kao-lin of the 
Chinese. It was found by Mr. Gerhard in the course 
of some experiments upon granite (which is a compound 
of quartz, felsi^ar, and mica,) that the felspar was meltcci 
jnto a transparent glass, tliat the mica was found lying 
under it in the form of a black slag, while the quartz 
remained unsdtered. 

The China clay of Cornwall is prepared by the clay 
merchants on the spot where it is found. The stone is 
broken up into pieces of a small size, and then cast into 
a running stream : there the light argillaceous parts are 
washed oft’ and hehl suspended in the water, wliile the 
morei. ponderous, mica and quartz remain at the bottom 
of the stream. At the end of the rivulet the water is 
stopped by a dam, and the pure clay gradually subsides. 
When this deposit is completed,’ the clear water is 
drawn off, and the solid matter dug out in square 
blocks, which are placed on shelves, '"and exposed to a 
continucil current of air until sufficiently dry to lx=* 
packed in casks for sliipir.ent. This clay, which is 
then in the state of a fine powder is very smooth, ai.d 
©f an extreme ^vhiteness. * ]\Ir. Wedgwoc^' fcuurf by 
'analysis that it contains sixty parts ^f alumina ainl 
twenty parts of silica. The manufacturers are .eQuired 
to pay a much higher price for this than for any other 
of our native earths, bu^ for some finer purposes it is 
altogether indis[)(:nsable. 

. A portion of ifaidecomposcd Cornish felsjiar is often 
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added to the clay^ on account of its*fusibility#and 
tenaciousneBB^ by w^iich it binds, aB it •were, the whole 
ingredients more closely together. I'he fusible quality 
of felspar is owing to th# presence of about an eighth 
part of potass.* * If this alkaline substance be sepaiptecj 
by decomposition, ^s^ is the case ^ith the China clsj 
above describe&l, the fusibility «io longer exists, gnd the^ 
body remains unaltered in the^reatast heat of a porcelain 
furnace. The us^f of^his^naterial has of* late been “very 
much increased in our porcelain ^orks. It is a curious 
and very useful^act, that although neither clay, flint,, 
nor lime Qan be Separately melted, yet avhen mixed 
togedier in due proporfiSns, the mass is fused without 
difficulty, the one mineral acting as a flu\ to the other. 

Steatite, or soapstone, liaS of late years been verjt 
much employed in the composition of porcelain. When 
present, in even a small pro])ortion, it limits the con^ 
traction of the ware in the furnace. Steatite is a sub- 
species of mica, which is found abundantly in Cornwall, 
and is met with also in the island of Anglesea. The 
mineral which forms tlic porcelain earth of Baudisscro,^ 
was long consideretl to be a superior kind of clay,*until • 
it was dibcovered by M. Geob^t that i^ contains «30t a 
particle of alumina in its composition. This chemist, 
on endeavouring to convert the substance into alum, 
found, to lifli great avsurprise, that he obtained only 
crystals of sulphate of inignesia (Epsom salts). Pro- 
ceeding thence to nnalyslb it carefully, he ascertained its 
composition to be, magnesia (>8, carbonic acid 12, 
silica J5-f), sulphafl? of lame 1*(), water 2'8. The 
•soapstone of Cornvjyill differs from this substance, 
yielding, oil .snalyais, magnesia 44>, silicc 44, alumina 2^ 
iron 7**^, magnesia 1*5, efirome 1*2. It also cftntaiiv; * 
traces •oliilimc* and /nuriatic acid. ' 

111 a publislied letter addressed^ by* M. IToust to 
M. Vaiiquelin from Madrid,' •mention is made of a 
beautiful kind of porcelain produced hi that city, and 
which is described to be of a tejture dven ‘hafder than 
the porcelain of France. Insteqjd of employing kao-lin, 

•if 



OHAP. n. 


S4 POBOELAli^ MANUFACTURB. 

the* body of ^le ware is made with spuina maiis^ a 
species of poUstone found in neighbourhood of 
Madrid, and the glaze is composed of fdspar brought 
from Gallicia. The pot^stcne when taken from the 
^VLSgrry is sufficiently soft to admit of iU being cut with 
^ knife like soap. Besides magnei^a, silex, and some 
, partic|j^s of argil and line, it contains a portion of po- 
tass, the presence ^f wh^ch, in the competent opinion 
of M. Proust, contributes nU a^little to the superior 
quality uf the manufi^cture. 



OBAP. lU. 


PBBPARATION OP MATERIALS. 


95 


cH^p. in. 

ON THE PREPARATION OF •MATERIALg. t 

• • 

DILUTION OF CLAT. CHEMICAL EXAMINATION OF WA^EA NE-* 

CESSARV. RAIN WATFR. (1AR£FUf.KES& OF GERMAN •MA- 

NUFACTURERS. — ^BLU^GIN^. — MACHINER^. — FREfJCrING 
FLINTS. BURNING. UREA KING.— ^GRINDING. DWT GRIND- 
ING. BHJNDLEj^’s IMPROVED M^LL. Ch£rT. CARF RF- 

QUIKED IN SELEClifNa GRINDING STONES. DILUTION OF 

FLINT POlVDFR. f IlOP£|( ^'ONSlhFENCE OF DILUTIONS. AD- 

MlXri RE IN DUE PROPORIIONS. AFFINITY OF ALUM^ffA FOR 

SILK A. SLIP. SLI1*-LILI( XfFTBOD OF FVAPORATING 

SUFFRFLUOUS MOISTURE. ifoRKING THT PASTE. TIMI^ 

NICISSARV FOR 'll MPl RING IT. ^ PROPORTIONS *WHFR]< IN 
CLAY AND FLINT ARE UNITED. DIFFICULTY OF ASCERTAIN- 
ING IIIIS, SLAPPING. FRENCH MANUFACTURERS. — PRO-^ 

PORTIONS OF INGRfDIENlS USED BY THEM. — KAO-LIN. — 

FLINT. GYPSUM. BROKEN PORCELAIN. CAI.CINI D BONES. 

UNDER PORCELAIN. ITS COMPOSITION. — PORCELAIN 

EARIJI USLD IN BERLIN. FRENCH POTTERS BCY THEIR MA- 

TERIAIS READY MIXFD. ■ — ADVANTAClES OF THIS PL^YN. — * 
INELIGIBLF. IN ENGLAND. 

• 

In preparing the ?lay, the first oration ot the pottery 
is that of mixing it with water to the consistence of 
cream. It is well iSiowi^ that water collected from 
springs^ and from many^ streams^ contains various fo- 
reign matters, som^ of which would be injunou^ to the 
composition of porcelain.* It is therefore necessary to 
examine chemically tTie projferties of water before it is 
employed for this picpose, in order to make choice o^ 
that Vhith L'purftt ; and^to correct, by some gf the' 
well known means, any bad qualities that may b4 pre- 
sent. TTlie Fl-enclr manufacturers are ^ocusiq^ied to 
employ janly rain water, whose, near, approach to purity 
fits it for the object. In Geriftany, still more precise 
in his operations, the manufaefurer prepares Jiis ma- 
terials only twice in the year, 4 t the vernal and au- 
tumnal equinoxes; persua^n^ liimself that at these 

D 2 
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seasons there is some peculiarity in the rain, which 
better qualifies dt for the purpose of his manufacture. 
Although the grounds for this nicety are not apparent, 
it would yet savour of presumption to attribute the 
mracticfc entirely to prejutlice. The observations of men 
fj)ractically engage(f in manual '^r -chemical operations 
have frequently led to iftiproveinents in# processes, long 
before the reasonst wheiwon these should have been 
foufided have been revealed W snentific researches. 

The mixing of the clay, which is called hhmguiy, is 
, effected in a trough five feet long, three feet wide, and ^ 
two and haT feet deep. In order ^ully to break dc wn 
the clay, and incorporate it willi the water a long wooden 
instruinent, formed with a blade at one end and a cross 
. handle at the other; is moved violently about in the trough 
in all directions, so that this becomes an operation of 
great labour. In large establishments, where machi- 
nery is adopted for the abridgement of labour, the blunging 
is thus cfl[ecte<l : — llie clay is throwoi into a cast iron 
cylinder, four feet deep, and tw^enty inches in diameter- 
Through the centre of this cylinder runs an upright 
sliah, furnished with knives placed as radii at right 
angles to the shaft, hut so arranged upon it that their 
flat sides are in the plane of a spiral thread, so that by 
the revolutions of the shaft, the knives perform the 
double office of cutting whatevei stands in their way, 
and of forcing downwards ilie contents of the cylinder 
in the manner of a screw. Anothef set of knives is in- 
serted ill the interior surface of the cylintler, and these 
extend to the shaft in the < centre,^ parallel to, and cor- 
responding with, the revolving ^knives : thus the two 
^ sets, the one c.ctive and' t|ie other passive, have the 
effect' of shears in cutting the clay into small pieces ; 
while this, in its reduced state, is: at ihe sime time 
forced^througii an aperture at the bottom of the cylinder, 
and transferred to a vat for the purpose of being mixed 
with water ; tf process which diis previous dividing of 
the cla}^ is found mafrrially to facilitate. 

The vat where tliis, mixture is performed is likewise 
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of a cylindric form, its diameter being aequal to four 
times its depth. In the centre of this vat, also, a per- 
pendicular shaft is inserted, furnished with cross arms 
or radii, one below the other. These cross arms are 
connected by u|>sight staves, giving the appearance of 
two opposite gates hung ufion the central shaft. TkesJ 
revolve within the * cylinder ; and as they are partially 
immersed in tlTe pulj), the constant agitation miftes all • 
the finer particles of clay^wfth thJ' water, while stony 
]>articles of greater m^ignitude fall to axiih remain at the 
bottom. The pulp, now mixed® to theb consistence of 
cream, is passed off from the.vat through a series of* 
sieves of increasing dagi'ees of fineness* which are 
worked to and fro by machinery ; thus a separation is 
effected between the grosser ^^ts and that^iortion which 
is fitted to' Ciller into the composition of the ware. • 

The next jirocess is that of preparing^ the flints. ’ 
I'hese are first burnt in a kiln constructed fipr the pur-* 
pose, and which very much resembles an ordinary lime- 
kiln, being of a conical fliape, and about nine feet deep. 
While the flints are yet red-hot, they are removed from 
the kiln, and in that state are throAvii into cold v^ter 
by means of which tlieir attraction of aggregation is • 
lessened, so as to^ facilitate grftLjfy the Subsequent* op j- 
ration of grinding : they are next broken, either by 
manual lahopr, or machinery. In the latter cast^ 
they arc placed ujion a stig^mg iron grating, and there 
struck by hammers, un^^l sufficiently reduced in size to 
fall through the grating^ to a receiver, whence ^hey are 
conveyed to the flinj^mill. 

In order to expedite the process, and at the same 
tilnj to grind the fUnts finer, a quantity of water is 
thrown Vith'then! into th* mill. Another good attencil 
ing the jircsence of water in this grinding operaAion, Is 
the preservation oj the health of the worjsmen.^ Before 
the adaption of this method, tjie attpesphere of the room 
became charged wdth the finer^articles of flint, which, 
adhering to the lungs, Irequenfly occijfioned ^stressing 
and sometimes fatal diseases ti the workmen. Tlfis 
4 3 
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great improvei.ient was effected by the illustrious Brind- 
ley, who likewise invented the mill now used in the 
process. This is a large circular vat, about thirty inches 
deep, having a central step fixed in the bottom to carry 

S he axis^ of a vertical shaft. The movirg power is ap- 
plied to this shaft by a crown cog wheel placed on the 
top. At the lower part of the sh^Tt, and at right angles 
Uo it, 'are ^fixed four arms, upon which the grinding 
stones are fixed ; large bl&k^ of stone of the same kind 
being likewise* placed in the vat.** These stones are a 
very hard silicirus miiieral, called chert which is found 
'in abundance in the neighbourhood of Bakcwell, in 
Derbyshire. ** The broken flmtr; being then introduced 
and completely covered with water, the axis is made to 
revolve with ^reat velocity i when the calcined flints are 
ipeedily f educed to an impalpable j)owder. 

The nature of the grinding stones used in these flint 
liiills is of considerable importance ; for should tliey 
contain any calcareous carbonate, they wdll be abraded ; 
some part of their substance wilkmix with the flint, and 
consequently with the body of the wares, and thus oc- 
•^asioF very serious injury to the manufacturer. Some 
‘years ago, a very heavy loss was sustained by some 
potters, who had purchased flints gro/^ind in a mill the 
stones of which contained carbonate of lime. 

When the flints are thus sufficiently ground, the semi- 
fluid is transferred to another, vat, also constructed with 
an upright shaft furnished with, armi;: or vanes for the 
purpose *of agitation ; and a considerable quantity of 
water being added, t^e moving power is applied, and 
the whole violently agitated. This process occasions 
t^e grosser and weightier particles 'to take their place at 
the bottom, while the finer porJon remains in suspension 
above ; and in this state is passed for subsidence to a 
reservoir^ wheq^ce in due time the supernatant water is 
drawn off through apertures provided for the purpose. 

The dilution uf clay i?*^ held to be of the proper con- 
sistence for ipixiqg, when a quantity that will fill a pint 
measure weighs twentf-four ounces; and that of the 
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flints is equally considered suitable for^use^ when the 
same bulk is brought to weigh thirty-two ounces.* It 
is by their specific gravities^ that is^ by 'the comparative 
densities of these dilutions^ as indicated by weighing an 
equal bulk of ^qph^ that the manufacturer is enabled to 
ascertain * the red proportions of the materiali?^ aq4 
combine them in the degrees which his experience leads 
him to employ for the compoddon of variotis kinds ofi 
pottery ; and too much nicety caA * hardly be givep to 
this important p^t of his*iabours. • * 

The dilutions of clay and flint dbeing Ijjrought* together 
in suitable projfort^ons^ and intimately united by agita-* 
tion^ the mixture *i8 pq^d^ while in a State of semi- 
fluidityj through different sieves^ in order to i^parate 
any remaining impurities^ •^gether with* such portions 
as have not been sufficiently ground. By thq^ meanc 
the mass presents the utmost unfformity and smoothness 
throughout. The affinity which alumina l^as for silica^ 
under all circumstances^ is so greats that they will unite 
even in the humid way, forming a kind of mortar ; and 
when this becomes hardened by time, it is thereafter 
incapable of decomposition '^'by «tlie action o^ tlu^ 
atmosphere. * 

This fluid mixture of clay and flint is called slip, 
and, after passing through the sieves, is pumped tu the 
slip kiln. This is a kind of trough formed of fire- 
bricks ; its size vaAes according to the extent of the 
manufactory, being of the leng^ of forty to sixty feet, 
from four to six wide, and about twelf e tq eighteen 
inches deep. Flues from fire-places pass under the 
whole extent of the*trough8, in which the fluid is made 
to boil, and the pnfcess of evaporation is slowly con- 
ducted/ so as to ^oduce Uniform consistency tiirougli- 

out the mass. This evaporation must be very ^efuily 
attendefl, and the mass frequently stirred and turned 
over, ptherwise, from, the imperfect manner in* which it 
conducts heat, the portion ih contact with the bricks 
would become improperly harefened, wliile the remainder 
would continue fluid ; in addition to*which,*fiint beihg 
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specifically he^ivier than clay, the former vrould in the 
first part of the process, and while the slip is yet fluid, 
have a natural tendency to subside to the bottom, and 
thus render the composition of the mass unequal. 

^ The evaporation is never carried J^yond a certain 
I'lcint in the kiln ; for should the mass become too dry. 
It would he impossible to knead it properly, or to mould 
it on tl.e wheel into any of the forms which it is desired 
to /.^eate. The pl<ice where this evaporation is per- 
formed is called the slip^iousc* 

When the (^lay or paste is removed from the slip- 
kiln it contains a great mimhcr of air.buhbles, and must 
be well incorporated together gr tempered by working or 
beating it with wooden mallets. It is next cut with a 
kind of spade into small pieces, which are thrown upon 
Che inasi^ with all the strength of the workman, and 
these operations are persisted in until it is supposed 
vhat their further , continuance would not bring the 
whole to a more complete state of consistence. 

The pixture, when brought to tliis state, should be 
suffered' *to remain in a mass for a considerable time 
})efore it is used ; the^l^terial by this course becomes 
much more intimately united than can ever be eflected 
by mechanical means. ^ It is to be feared that, although 
the English potters are fully aware of this fact, they 
yet fail to adopt so eligible a practice, whi^h, as it calls 
for the employment of greater space, time, and capital, 
is neglected for other advantages^ which, if not so great 
in an q;^tended point of view, are certainly more 
immediate. ^ 

It is hot possible to state the precise proportions 
wherein Uie clay and flint are bro^.ght togethei* in^our 
English potteries. Each manufacturer has in this re- 
spect I^is own practice, which, esteeming it as the best, 
he endeavours to keep profoundly secret ; and,* besides, 
the proportions necessarily vary with the quality and 
properties which it is desired to give to the manufacture. 
Vauquelin informs us that silex forms at least two thirds 
of all kinis of pottery^; alumine from one fifth to one 
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third ; lime from 1 -500th to 1 -2000th p9rt ; and i(pn 
from the smallest conceivable quantity up to twelve and 
sometimes even fifteen per cent. The presence Qf the 
two latter bodies is accideptal^ arising from the natural 
compositiop of the materials^ and in particular the oxides, 
of iron^ when preset in any sensible degree^ renders 
the clay unfit for all purposes^ except that qf forming 
the common reef w^are. • • . * 

Parkes^ w^hose ^pra^tical essay on the making. *of 
earthenware and porcelain is founded* on Ips own 
personal observatjons^ made during a residence of some 
years’ continuance a# the seat o^ manufacture^ is yet so 
little able to be precise upon the subject of proportions^ 
that he tells us flint forms a fourth^ a fifth, or af sixth 
part by weight of the prepared paste. 

Some portion of the chiiia-cl§y of Coniwafl enters 
into the composition of every better kind of earthenware, 
except only the cream-coloured sort. This* ingredient* 
is sometimes added to the mass and blunged with it, 
and at other times is blunged separately and n^ed in 
the required proportion with tls^alip. 

The clay or paste, when takin fot use, undergoes the* 
})rocess of ttlapping. This labour is assigned to a^man' 
of considerable length, who proceeds by placing a 
lump weighing from fifty to sixty pounds upon a con- 
venient slab or bench^ The mass ds then cut through 
with a thin brass wire, one end of which is held in 
either hand, while ^the part between is forqpd through 
the clay, which separates as easily as if it were tot with 
a knife ; ,thcn taking»up wit|i botb hands the piece thus 
^ejiatated, and exerting his utmost strength, he htirls it 
on the rest of thq iniks ; an^ this opei^dcm is repeated 
until the whole lump exllibits a perfeedy smooth and « 
close ap]iearanipe wherever it is cut. So complete?is the 
incorporation of the whole mass by this meanspAhat if, 
at the commencement of the pr^cese,*two pieces of day 
of different colours arc taken,^the luqpip, at its com- 
pletion, will be of one uniform hpe, iiUermedigte to the 
two "original colours. This labdtious operation is one 
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of^ihe very first necessity^ in order completely to expd 
every air bubble^ however minute^ remaining in the 
clay^ and which could not be so thoroughly driven out 
by its previous beating in the larger mass when taken 
from the slip-kiln. If the air were noK thus thoroughly 
expelled^ it would become so much rariiied and expanded 
in the oven^ that it would force but a passage for itself^ 
and liy blistering^ spoil or much injure the goods. 

Some of the more considerable among the potters^ 
who employ isteam power for blunging the clay and 
grinding the flints, perform this operation of slapping 
by the same agency, ^saving thereby botli time and 
labour. In this case the ex^idsion of the air is effected 
by niechanical pressure, and the office is performed 
with perhaps as much efficiency as by hand. 

Having undergone all these preparations, the day is 
now fit for bang shaped upon the wheel or fashioned 
by the aid of moulds into all the diversified forms 
which fancy may desire. This branch of the art is 
divided into three different departments — throwing, 
pressing, and casting — either of which is used according 
" to the form of the artide manufactured. 

The manufacturers of porcelain in France do not use 
so mudi secrecy as is preserved in our own potteries, 
with respect either to the materials whereof their ware 
is compounded, or to the proportions wherein these are 
employed. The clay whict forms five parts in six of 
the whole mass, is'the porcelain earth already mentioned 
as being identical with the kao-lin of China ; to this 
are added in certsm proportion's flint and gypsum 

g daster of Paris), both calcined and ground ; and 
agments of broken porcelain, 'Which must be white, 
also ground to a fine powdur. One rule fof forming 
this Vomposition assigns nine parts each of f}int and 
brokei^f porcelain, and four parts of calcined gypsum, 
to each one hunted piirts of porcelain clay. ^Another 
authority recommends five parts of gypsum ^nd only 
eight prn'ts of ground porcelain ; while the flint and day 
are vuaed in the same proportions as in the first* rule. 
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If at any time the manufactory should not aftbrd 
broken porcelain for the purpose^ it is recommended 
that pieces be compounded^ about a quarter of an inch 
thic^^ of the other three ingredients^ wherein d e pro- 
portions of gyp^pi and flint are augmented ; and thesa 
pieces, hating been previously convq^ted into porcekin 
by bakings are to b% ground and mixed in the above 
mentioned proportions with die other ingredientsf • 
It has of late years beeti the*pracdce of some 
English manufactifrenf to use a considerable proportion 
of calcined bones^ together wid^a small quantity of 
gypsum^ in cornttinafion with c&ina-clay^ flinty Cornish * 
stone^ and enamel. *By thi^means porcelain if a brilliant 
and very transparent white is produced, which, however, 
is deflcient in density, and liable to*crack on the 
application Of hot liquids. • * 

Several among the chemists and scientiflc manufac- 
facturers of porcelain in France have given jrecipes for * 
the composition of tender porcelain, although this des- 
scription of ware is no longer made in that country. 

This kind of porcelain will support, without softening, 
a greater degree of heat than suffices to melt glas3.« It* 
is semi-transparent, has a vitreous fracture, and returns 
a clear sound when struck by a 1fa{d body: It is hiflrder 
but not so britde as glass, and bears, without injury, 
sudden and vej;y considerable alterations of temperature. 

M. Hrongniart recommei^s a mixture of one part of 
pure white clay, with thi^e parts pf a frit compounded 
of nitre, soda, alum and selenite (sparry gypsum), 
tog(*ther with a large proportion of ferruginous sand and 
a little common salt. The in^edients of this frit are to 
l^ Calcined together, amd the whole inti^jaately kneaded 
when cold, the coflipound to be reduced to pojvder, 
and in that state mixed with the clay. ^ • 

This*p&te is not^o cohesive or viscous^ tlistfj^hich 
forms h vd porcelain, and greater carefulness is, therefore, 
called for in fashioning vessels with it. Lime and sele- 
nite, or any similar earths which,*if fuseg by thqpiselves, 
produce a transparent and colourkss glass, may answer 
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the same purpose as the frit just mentioned. In making 
chmce^ however^ of the compound to he thus used^ it 
must borne in mind^ that the paste must not be more 
stubborn in resisting lire than the beggars^ or vessels 
^herein it is enclosed during*the baking and no greater 
Ipreportion of any substance that promotes fusion mustu 
be used than can be supported* \fy the clay without 

* having its*coheBiveness greatly diminished. 

•The porcelain e&rth ifecd in Berlin is compounded 
tvith silicioua sand and sulphafe of lime in crystals. 
The constituents of their fiux are varied in the propor- 
‘ tions according to the equality of the \fsLrc it is intended 
to produce.* In the greater p^rt of •the Herman manu- 
fuctosies felspar is used^ and some employ a calcareous 
sand. • 

* Milan tender porcelain was made in the works at 
Sevres, a small portioTi of arsenic entered into its com- 

* ])osition. ,This was found very hurtful to the workmen. 
Pew of the turners or moulders, after following their 
employment for some years, escaped severe pulmonary 
complaints ; and to tliis disadvantage is ascribed the 

* ortl^r of the Frencl^ government under which this brancli 

of the manufacture has been discontinued in that tsta- ^ 
bli^iment. • • 

Individual manufacturers of porcel&in in France avoid 
all the labour of preparing their materials, and purchase 
these in a state of readiness fiom establishments at 
Limoges where the bpst porcelain earth is found. I'hc 
price qf (he compound, when delivered in Paris, or at 
an equal distance from the place of preparation, does not 
exceed three sous — -^abouf one ptimy halfpenny of our 
money — per pound. • ** 

This arranifement mfist^ consider, ably siivplify the 
' operations of the manufacturers, and lessens the amount 
of capjtal which they must employdn the establishinent 
of their worlcs ; but it is doubtful whether the accom- 
panying disadvantages 'are not fully equivalent to these 
benefits. Th& arc iiiany reasons to render such a 
' plan ineligible in dii^ country. 
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CHAP. IV. 

ON THE FOBMATION»OF UTENSTL6..* ^ , 

throwing. — potter’s t.atii^ —thrower. —mode of pfto- 

CEEDING. PROFILES. -®S1.URRT. — GAUGES. — TURNING LATHE. 

TURNING AND SMOOTHING — MOULDING^ DISHES*, &C. — 

TOOLS. STEAM? MACHINERY. **: N G IN E- LATHE. MILLED 

EDGES. HANDLER^— FORM ATIOl? OF HANDLES^ SPOUTS, &C. 

PRESSING. SMALL 0%.flAMENTAL FIGURES MODE OF 

AFFIXING THEM. METHOD OF MAKING MOULDS. ftoiLED 

PLASTER. GREAT USE OF ct JJSUM IN MAKlIiG MOULDS. 

STOVES. MODELLING.— QUALIFICATIONS REQUISITE FOR A* 

MODELLER. INCREASING SKILL 01?ARTISTS. FOSTERED RY 

MR. WEDGW'OOD. MOULD-MAKF.K. METHOD OF IllS • 

WORKING. CASTING. CAREFULNESS REQUIREdIiN DRYING. 


The operation of throwing consists in shaping such 
vessels as have a circular form, and is performed upon 
a machine called a potter s lathe. * • ' 

This consists of an upright shaft, about the heig^it of 
a common table, Qp the top of which is fixed a circular 
piece of wood, whose breadth is sufficient to support the 
widest vessel lhat is 4* be made. The bottom of the 
shaft runs in a step, and tke upper part in a socket a 
^ 1 . • 
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it by means of which it is turned^ an endless band pass- 
ing round the pulley from a wheel.pldced at a short dis- 
tance^ and which is ten times the diameter of the pulley ; 
this wheel when turned by •^a handle sets the lathe in 
^motion. 

The clay to be thrown is first fut and weighed and 
formed into a ball. It then placed the face of the 
circular boards whifh being put in motion^ the thrower, 
dipping his hands from time'to t^me into water^ or slip^ 
that the day may nol adhere to them^ fashions it first 
into a long thin column; which he forces again down into 
a lumpj and continues these opere»tions until assured 
that no air bubbles can possibly remain in the body of 
the day. He then directs that the speed of the whed ^all 
* be moderated, and proceeds to give the first form to the 
vessel. This is done uther by his fingers alone, or with 
1 the aid of an instrument shaped according to the desired 
form. The instruments employed for this purpose arc 
called profiles or ribs. By the assistance of one of these, 
the inside is smoothed and made to assume the requisite 
shape, and any injequalities, technically called slurry, 
are removed. When it is wished to make any number 
of vessels exactly similar to each other in shape and di- 
mensions, certain pegs are fixed as a*gauge without the 
circumference of the revolving board, but placed in such 
a manner, that whenever the plastic clay is brought to 
coincide at the requisite points with the gauge, the 
thrower knows that the articlb has^^attained the proper 
dimensions. 

In this manner mokt circnlar-shifped vessels are formed. 
When finished to the artist’s satisfaction, he proceeds to 
remove his woik, cutting ^it from thci lathe by.pasoing a 
thin brass wire through the lowest part of the clay. The 
vessel is then lifted off and placed, on a' board or shelf, 
where it is left to dry partially ^before it is farther 
smoothed and shaped in the fuming-lathe. 

When the Vessel is %o far dried as to be in that par- 
"ticular ifi:ate of hardness well known to the workmen, 
and which is called the green state, it is in the most 
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fayouraUe drcumstances for the performance of the re- 
maining operationi»of turning and smoothings for being 
furaidied with handless spouts, and such appendages as 
cannot be affixed in its fii^ formation. 

For mal^ng cireular dishes, plates, saucers, or shaUow** 
bowls, and other ve^ls of that classf a plaster moulf is 
used. This is slightly sprinkl^ with powdered mrce- 
lain, sifted through a fine dot^, and jpkced on the olock 
which surmounts the ipirigbt spindle of the lathe. The 
block bdng then set in motion, the clay if fashioned in 
the first ^place the hand o£ the workmen, which 
presses it against mould, and afterwards with a 
, profile to give the requisiteaintemal form. If any ledge 
or foot is required, it is affixed afterwards with slljjpj in 
the manner hereafter describ^ as employed for joining ^ 
handles and spouts. All superfluovs parts are euA away, 
and the whole is finished by means of a horn tool and a ^ 
damp sponge. When sufficiently dry to be taken from 
the moulds, the edges are pared ^th a sharp knife, and 
the pieces are slightly polished by the hand. After this, 
they are placed in piles of four, six, ten, or more, ac- 
cording to their weight and solidify, and are left* to* 
harden, preparatory to their being put in the oven. • 

The tuming^km^e of the potCea {fig. 2.) is similar to 
that used by the turner in wood. The end of the spindle 
has a screw thread, upon which are screwed chueJat of 
wood, tapered in their foem, and differing in their 
diameters according to the size of the article tabe turned. 
The tools employed are of different sizes, from aljuarter 
of an inch to two incite broa^, ancLsix inches long, they 
are made of iron, the cutting end being turned up about 
a quarter of an in^, dhd groi^nd to a good edge. • 

The v&ssel to be turned being fixed upon the chuck, ^ 
and ny>tion communicated to the ladie, the tflmer 
proceeds to reduce tLe substance of the dayiin susb parts 
as are required, to form rings a^d rkfis upon the vessd, 
and generally to attend to those ^ttle nineties of shape 
which are not easily attainable on the throwing lathe.. 
When this is completed, a contibry motion is given to 



the vesselj and using ^ gentle pressure, produces th 
requisite smoothness df surface and i^hdity of texture 
In those considerable estabhshments which are fui- 
nished with a steam-engine, the *throwin^ and tumin*:; 
lathes are both actual^ b^ it. To the fiist of these 
machines motion is then given* by n^'cans of two upright 
cones, placed opposite to each other , the apex of the 
one answering to the base of thi£r other. One of these 
cones receives motion directly ^ from the engine, and 
commumcates it by me«ns of a leather strap fo the 
otheiP By this arrangement the horizontal strap has 
always an equal” tension to whichever paits of* the cones 
It IS Apphed,*the enlargement of the one ansinenng to 
the diminishing diameter of the other , but tne speed 
given to the hsAxe will depend upon the position on the 
dnvmgH.oAe which the strap occupies * if this is at the 
the small part, the driven cone, and consequently, the 
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revolving-board of the lathe will travel mdte slowly, |nd 
its revolutions will; on the other hand, be accelerated in 
proportion the strap is made to occupy the larger part 
of the driving cone. Whgi the strap takes its position 
on the target pari of this^ it will apply to the ^allest 
part of' the driven cone^ and the speed of the lathe Will 
be at its maximum. 1^ |mit|pn of the strau upon the 
cone is regulated at pleasure bjr a yinch^ a noyln at> * 
tendance upon wjiic^ fbUows the directions of .fhe 
thrower, W^heu the article is finished* the strap is 
thrown off the diving cone^ aiicl l^ 'motmn Of me lathe 
of course ceases. « ’ • ' ^ 

The turning latEies^ when actuated by tlie steam- 
engine, are affanged in a row^ the whole length the 
room, through which runs a horizontal sfiaft, and this 
lias fixed upon it, opposite to &ch lathe, a dnitH, straps* 
on which connect the shaft with the lathes. The speed 
of the lathes is regulated by providing pullays of dif- 
ferent sizes, upon any one of which the strap may be 
guided by the turner during the revolutions of tlie 
spindle. When the turning of the vessel is finished, the 
strap is transferred to another jiuHey connected by sT 
crossed strap with the spindle, which by that meana has 
a reversed motion^ communicated* to it, and the article 
under operation is smoothed and polished in the manner 
already described. • 

A milled edge is given to Earthenware in vrhat is called 
an engine lathe, vth^xe, ifi additioHi to the rotary motion 
communicated to the article, it has likewise a hdrizontal 
movement to and fro^ enabling the workman to make 
tlie^requisite incisions at proper and definite intervals. 

When the vessqjs &e takoii from tlie tumiug-lathe,« 
they are tlelivered to the handler, who fixes upon* theni , 
handles^ ypouta, and other appendages* of that nature. 
These are affixed to* the vessels by means* of sli{^ with 
which the parts broughtdnto conflict ar£ moistened. Being 
then left for a short time to dry,jhe jun^ion is found to 
be perfect ; and with a knife the superfluous <^y is re- 
moved from about it : the whole*vessel is next cleaned 
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with a damp ^sponge^ which moistens the whole equally^ 
ana gives uniformity to its appearance. 

Handles^ spouts^ and objects of that nature are njade 
with the aid of a press^ consisting of a small metallic 
cylinder, which has an aperture in centre of its 
bottom^ to which plugs with differgntly shaped orifices 
are fitted.^ It has also a piston*^ actuated by a screw> 
‘ which^worTcs throu^i an iron bow attadied to opposite 
sidqs of the cylinder. Th% aperture in the bottom being 
furnished wilb a plug of ^e desired form^ and the 
cylinder charged witlf cjay, the piston^ is inserted^ and 
by the turning of tlie screw is forced down upon the 
clay^ causing it to protrude thiough* the aperture in the 
propev shape. This being cut into lengths^ and bent 
into the requfred form, isp^hen sufficiently dry^ affixed 
^to the tassel as alrea^ mentioned. If the clay is re- 
quired to take a hollow cylindrical form^ as it must for 
spouts, a pin of the same diameter as it is wished to 
give the tube is fixed above the centre of the plug. It 
is obvious that some ornamented spouts cannot be made 
by this means. For forming such, two moulds of plaster 
.nuct be prepared irp the manner hereafter described, one 
half ^f the figure being impressed in each of the moulds, 
whicli must fit ’togetlie,r Accurately, play is then forced 
into each mould, and the superfluous quantity being cut 
away, leaving still a small portion above the level of the 
moulds, the two are brought firmly together to unite the 
two halves of the article. The mould is then divided, 
the cla}^ is removed, and fini^ed as to its form with 
suitable tools by the workman. This is the operation 
known under the name of" preasing. The moulds for 
,ilie purpose are .made with plaster^ of Paris, (gypsurnj or 
the native sulphate of lime,) the pecuhar fitness^'of which 
material for the purpose, arises from its property of ah- 
6orbing#water(With very great rapidity, so thaf the ware 
enclosed within it ftpeeffily dries in a sufficient degree to 
deliver itself (a<jcording^ to the workman’s phrase) easily 
from the moidd^ 

Small ornaments, stxh as figures, animals foliage. 
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and the like, are more conveniently made by pressitif; 
the clay in plaster moulds, or otherwise these are made 
of capper, which must previously be slightly smeared with 
oil, in order to ensure the easy delivery of the ornaments. 
These are then affixed to the vessel by means of sHj), 
according to the metj^od already described. It is in this 
manner that drinking jugs are s^ commonly oman^nted 
with figures in rSlief. • • • • 

In order to prepfure^he plaster for making moulds, 
it is first ground between a pair of ^stones, in a mill ex- 
actly similar to thgt employed foR grinding wheat ; it is 
next boiled in order t6 drive off the water which forms 
a considerable constituent part of its natural substance. 
There is an appearance of ab^rdity in thus^speakiiig of 
boiling a dry earthy substance^ but the workmen who 
use the term, are not very far wrong in their expression. 
To all appearance, cbuUition goes rapidly on in this 
operation, and there is a disengagement of stSam as in 
the boiling of watery fluids. When diis process is com- 
pleted, die substance is always called boiled plaster. The 
evaporation is conducted in long brick troughs, having 
a fire flue running under their entire length, in* a 
manner similar to the slip-kiln. ^ The map who BU|jpr- 
intends the proccss^is obliged to wear a handkerebief 
over his mouth and nostrils, to prevent the passage of 
.iny particles of* the gypsum to his lungs, or stomach, 
such a circumstance having Ifecn found very prejudicial 
to healtli. « • • 

The plaster when thus deprived of its water becomes 
a soft impalpable powder, bui when its natural pro- 
portion of water is again' added, so strong is its affinity 
for tliajt l^uid, an(|^ su2h its capacity fdr again com- 
bining witn itself that portiofi of which it has beeiiMc- 
prived, tlja^ it attracts and condenses fhe whole, and 
will immediately set* into a hard and vAry cohfjiact 
mass, peculiarly suitable for the piirpdtse here required. 

The cuusumption of plaster Parisg in making 
moulds for plates and dishes is so consi(terable,^hat in 
the district comprehending the Pottefies, in Staffordriiir-^ 

E 2* * 
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mafiy tons are annually worn out and thrown away as 
useless. 

Articles placed in these moulds part with moLstur^e so 
rapidly, that when put in ^ very temperate stove, they 
will become dry enough for removal Jn two hours, and 
each individual moald is capable of ^ being usecl for form- 
ing fpur ,or five different articles in tlie course of a 
working day of tw<flve hours. The stoVe wherein these 
moulds, with tljeir contents,care placed to dry, is a small 
room built ^th bricks, and having wooden shelves 
ranged round'* it, and over one anotlifr from the floor 
nearly to the ceiling it is heatad by warm air con- 
ducted through it in an irow pipe. 

Moulds for producing simple wares, such as plates 
and dishes, and generally* ibr such objects as are formed 
by pressing, are simpb? in their construction; but otliers, 
which are used for the third department, that of casting, 
call for mmeh more art and skill for their invention and 
execution. For these, the taste of the modeller is put 
in requisition, calling for the exertion on Ids part of a 
high degree of skill and ingenuity in forming patterns, 
adapting to them appropriate ornaments. To be a 
perj'ect modeller, in the higher branches of the art, a 
man should have ai> acquaintance fvith the best pro. 
ductions of the classic climes of (Ireece and Koine ; he 
should be master of a competent, knowletlge of the art of 
tlesign ; his fancy glowiiii* witli originality, teirijiered 
and guided by elegsfnce and* propriety of feeling, ami 
restraibed by correctness of taste and judgment. To a 
ipan thus gifted, the plas^dc and, well- tempered material 
wherewith he w'orks offers little of ilifficulty in the exe- 
cution of his ctfnceptionsu ^ ^ * 

In the most considerabfe works, and whe^e the pro- 
prietors are ambitious of excelling, mo/lcllers ^ are kept 
in cOifttant employment. Other lianufactiircrs content 
themselves with* biiyiv.g new moulds from artists who 
compose theinron speculation, anti who are sometimes so 
little sG.'upulou3 as to dispose of the same pattern to 
several different purdiiar^ers. 
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For want of (hie encouragement^ high tlegrees of ex- 
cellence in this art were formerly not of frequent occur- 
rence. Mr. Wedgwood, to whom the porcelain manu- 
facture of England owes aso many and such various 
benefits, prpved ritet talent in tliis branch of art needed 
only for its devclopcMnent to be fosteted and encouraged 
with liberality. This patriotic^'ndividual paW sum ^ 
of four hundred pounds to M^. WoJibcr for modelling 
the Portland or Bavbei]|ni vase, although tl)c work cidled 
for no original or inventive pow^s. Since that time, 
English modellersihave attained to such a* degree of ex- 
cellence, that it is /aid any gobd modeUei^ with one 
(qualified assistant, would Bcf able to achieve, in the short 
space of two weeks, the task ivhich occupied Mr.M^‘bber 
for many months, and which was viewed, at the ^ime, as • 
an honourable proof of both his tsdent and industry. 

The model, when moulded by the hand, must be • 
trimmed, carved, touched, and retouched wifli suitable 
tools, constructed of metal or wood, and sometimes even 
of ivory, for the more perfect finishing of the whole 
composition. ^ 

When thus completed, the mocfel passes into ^hc 
hands of the moulcl-maker, wlipse occupation is ifuite 
mechanical and dij^nct from that* of the modeller. A 
strong casing of clay is first formed and securely fixed 
round the model, leaviil^ sufficient space between for the 
substance of the mould, l^roper j)ro]»ortions of plaster 
of Paris and water d!*e then placed in a jug, aiftl tj^e mix- 
ture is briskly stirred, so that the water may thoroughly 
pervade the whole, wlSch is \hen |)oured gently up#n 
and around the models covering it in every part to the ^ 
requisfte degree of thickness. * Upon tins some heat is* 
sensibly given out by the plaster, and the whole i%very 
shortly edn^erteft into a hard compact inas^ easily separ- 
able from the model,* and found^to exhibit a perfect im- 
pression of its form, and the ffiinutest niceties of its 
ornaments. The mould is, aftef this, placed m a stove 
to be tlmroughly dried, and is the^ fit lor use. 

Many articles were forrne^y ntade by casting, which 
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axe now produced by the operation of pressing last de- 
scribed. Casting is now employed only for the form- 
ation of irregular-shaped vessels^ where much nicety is 
required, and which need npt have much strengtli. The 
casting operation is performed by intimately, mixing the 
united clay and ftint with very pwe water to the con- 
sistence ipf cream. Or\vpouring this dilution into the 
mould, the plastjty* quigldy absorbs water from that 
poction which lies in contaat with its surface, hardening 
it to such a degree, that on tlie central and still fluid 
part being poured oft^ a coating of clay will remain 
attached to tlie mou'd. This ‘ coating having been 
allowed further to dry during a short time, a second 
charge of diluted clay, but the consistence of which is 
much greater than the cfeamy fluid first used, is jioured 
in, and adds to the substance of the first deposit. Having 
remained in the mould sufficiently long for this purpose, 
the remaiiUler of the semi*fluid is poured ofl‘, and the 
mould, with its contents, are set in a stove ; when suffi- 
ciently dry to allow of stqiaration, the article is taken from 
the mould, and left until it is brought to the grem state, 
wnen all imperfections are rectified by the workman, 
whyse skill is ^exerted to render the vessel as smooth andr 
as xierfect as possible, 

It is essential to the excellence of all kinds of earth- 
enware, that the means used fiyr drying it previous to 
the baking should proflu^e an uniform evajioration 
throughout, its entire substanev;. too much heat were 
artificijilly employed, the surface might be hardened, 
while the internal part revtiainedemoist; and this would 
be attended with .disastrous consequences in the oven, 
owing to the Uijequal contractiod tliPt would then, ensue. 
It ic, for this reason, nectssary to allow time for the 
gi arfual dispersion of moisture, which, however^, may be 
adva;*tageous.ly expedited, by ])lai>:ng tlie pieces upon 
plaster shelves, whe^se a,hsorbent property would occasion 
the requisite d.'jying in^a shorter time, and with increased 
regularily and .miformity. 



CHAP. V, 


OF FIRING AND *0LAZ1NG. 


56 


• CHAP. V. 

ON THE PROCESSES (JP FIRING AND OLA7ING. 

•• 

SBQCAas. raOPEIl ^ MATERIALS FUR* THESE WANTING^ IN 

ENGLANII NOT SO hi FRANCE. NCKGARROW WORK. •— 

WHY* DlsroNTlNCJEIl. GREAT J^TIMATION OF if! WitRBS. 

CAUSE OF SUPERIORITY. USE •F SEGAARS. THEIR FOR^S. 

MODE OF USINB T« EM. SEVRES MANUFACTORY. —O' Hf- 

PROVED FURNACE. ITS ADVANT.^GES. ^DESCRIPTION. — - 

CHINESE METIl^ OF FIRING. CONSTRUtITION OF THEIR 

KILNS. CARE REQUIRED IN RAKIVU.— DURATION OF PROCESS. 

OVEN-MAN. xftlAL 1^1^'ES. ANNEALING? RISCUIT. 

W1NE-COULF.RS. GLA/ING. COMPOSITION OF RAW gLAZES. 

— BAD EFFECTS OF SOME THESE TO TRIE PUBLIC — TO 
THE WORl^MEN. — PERNl(^OU.S^ USE OF ARDENT SPIRITS.— 
GLAZES INVENTED BY M. CIIAPTAL.^ BY MR. ROsH POR- 
CELAIN GLAZES. FRENCH GLAZES. PALISSY. HIS EX- 
PERIMENTS ON ENAMELLING. IIIS PFRSEVKUANCE AND SUF-* 

FEUINGS. Ills SUCCESS^ AND CONTINUED FIRMNESS UNDER 

PERSECUTION. INFERIOR GLAZES. I.OW-PRICKD WARES- — 

GLOSS-OVEN. REGULATION OF TEMPERATURE. —• QUALITIES 

THAT DETERMINE THE EXCELLENCE OF PORCELAIN. STONE- 
WARE. — ITS COMPOSITION. LAMBEVtl POTTERIES.— 

OF GLAZING. 

• 

In the state wheivto the vesse1s«are now brought* they 
are ready to undergo the first application of fire in the 
oven. For this pur^isc they are placed in deep boxes 
called seggars^ made of a ^nixture of fire clay and old 
ground seggars, w^ich should be Veil haked^^nd capable 
of sustaining the most intense -degree of heal^ without 
being fused. The %porcelain manufacturers of this 
ico^ntry labour under a considerable disadvantage in this 
respact, being unable* to proaure mateMals for the con* 
struction of these cases tlfat will sufficiently withstand, 
the direc^ heat of furnace. This difficulty dtfes not 
occur in France, a^act which is assign ech by oUl: spotters 
as one principal reason for th^ better quality of French 
porcelain. ^ * 

A porcelain manufactory was carried on seme yeacs 
since at Nungarrow in Wales, fjut which is now dis- 
if 4' * 
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continued. The 'wares produced Jr these works were 
perliaps superior in quality to any porcelain that hitherto 
has been made in any other part of this country. ,No 
expense was spared either in the procurement of ina- 
terialsj or in conducting the various 
want of success on t,^e part of the s|)irited proprietors is 
referrible solely to the deficiency of public patronage, 
it being found impossible to procure u price for the 
goeds which could adequately meet the cost of their 
manufacture. « Since the discontinuance of this esta- 
blishment, the, excellent quality of its ^warcs has been 
more justly estimated, ,and die princes which are now 
eagerly given by amateurs apej collectors for piece? of 
Nung''.rrow porcelain, are out of all proportion greater 
than were originally demanded by the makers. 

The 1 laterials of wlych this porcelain is composed are 
of the most refractory "quality, and it is understood that 
success in „their conversion was only attained through 
the expensive measure of sacrificing the seggars em- 
ployed, which, owing to the high degree of heat whereto 
they were exposed, could never be x^laced a second time 
p the furnace. 

T^ie office of the seggars is to protect the wares while 
' bcii^ baked fiom the direct application of flame and 
from smoke ; the heat is somewhat modified in its 
transmission through them, and anplies it'^elf uniformly 
to eadi part of the vessels^ The cases a^e made of 
various shapes, sizes, .and depths, to suit jSifierent 
pieces tVicy are to contain, and some juef^t^t is re- 
quired in their composition, to fit^^thern for the several 
kin«ls of pottery. 

To prevent an^ adhesioq of the pieces to the seggars 
the flat bottom of each is qpvered witli a thin layer of 
fine wiiite sand. , That this even may iioj adhere to the 
porcelqin, the^Cliinese streiv over fjie sand some dry 
kao-lin in powder. , Pieces of any considerable size 
must each be epdused in a separate case, but smaller 
objects, si^ch as qups or saucers, may be placed together 
to the number of six o ' twelve, but in no case musi, one 
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piece be placed in or on another in the Seggar, an^all 
must be so arranged that the heat will be equally applied 
to every part of each. 

In some instances segga^s are made having triangular 
holes in their siivs^ for the purpose of admitting prisms 
of the same form* which are inserted therein, libri- 
zon tally, in order to support a^ greater numbg- of pieces 
in a state of i&lation within each^case than coTild be* 
accomfdished by Qthe{ moans. The prisms thus uSed 
must be compounded of the same^ materials as the cases 
tliemselves. Tips course is nDt pursued except with 
common articles, and is adopted with the ^intention of * 
economising the time^ %jsace, and fuel employed for 
baking them. ^ ^ • 

If the clay whereof they aft composed be well chosen^ 
and carefully managed, the seggaffs may be placed from 
fifteen to twenty several times in the furnace before they^ 
are rendered useless. • 

Some art is required so to dispose the cases within 
the oven, with reference to their shape, size, and the 
objects they contain, that the heat shall be distributed 
as faithfully as possible, and that tlfb sufficient bakhifttW 
all the diffierent-sizod vessels shall be accomplished (j^ring 
the same time. • The largest and coarsest pieces are 
usually placed on the floor of the oven, which must be 
previously covered wj^h a layer of saud. If the heat be 
not fait^uUy distributed q.hrough the whole area, some 
pieces WtKdd be ii^^ured*by exce^ive firing, while others 
would be iiadequately baked.* The bottom^ of the 
seggars being flat, oach, as* it is*placed upon another, 
•fojms a cover to that beneath, and the entrance of smoke 
is further prevented %y jdacing a ring ^)f soft clay on tlia 
upper rim of each case, in this manner the seggars ar^ 
built uTif upon another, until they reach nearl/to the 
top of the oven ; tie upper seggar in each pile Isp always 
empty.* Each of these piiesr^ as dt stands, is called a 
hung; in building them up,^ intermediate spaces of 
about three inches must be left for 4he ciKulation of 
heated air throughout. • 
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Although the privileges so long enjoyed by the royal 
manufactory at Sevres, and which were accompanied by 
corresponding restrictions placed by the French govern- 
ment upon private establishments, must have been upon 
the whole prejudicial to the progr6%5 of tlie art in 
Fr&nce, these regulations had yet m some respects a 
contrary tendency. Being secured in a great degree 
from idle effects of .competition from without, the di- 
rec'tors of the royal works vere,* enabled to prosecute 
experiments ikith regard to improvements in their 
utensils and processes, fr^m the adoption of which they 
might otherwise have been deterred ^y considerations of 
expense. Su^estioiis appear^ to have been continually 
made,® having such improvements for their object, by 
men who enjoyed the highest scientific reputations ; 
and the Success of plars thus proposed, conduced to the 
increasing celebrity of the establishment. 

Among ethers, MM. de Montigny and Macquer con- 
trived a form of furnace, wliich effected at the time of 
its adoption a very great advantage. In that previously 
used (and the construction of which had been copied 
f j\aYi those employed in Saxony), the heat was so un- 
cqua^y distributed, that it was necessary to vary the 
composition of the porcelain so as to 'render it suitable 
to different parts of die furnace. The improvement 
here noticed occasioned the suffeient equalisation of 
heat throughout its area, and a great inconvenience was 
at once and. completely* reincdieti. 

The arrangement whoreby this important change was 
accomplished will be understood ^Jy a reference to tlie 
following figures, which describe the elevation, section, 
''.nd plan of die kiln. The same letters are employed to 
denote similar parts in the different figures. 

A iS the interior area of the kiln. This isufeurteen 
feet eight inches high, and eight fcet ,^l^ree inches in 
diameter: die ivalls ohouM be three feef thick. *BBBB 
are four air-flue'^ placed at equal distances in the cir. 
cnmferenc-'. COCC arc hearths one foot below the 
base of the kiln : the hi at from these passes towards its 




ground ; its two feet, and its*heighVfive feet 

six inches. This door is u^d for the introduction of 
the seggars within the kiln,* after ^hich it must be 
securely walled up. F is a square h*ole of^hich thtre 
are three in the entire circuiuierence. These are de-# 
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siglied for the introduction of trial pieces witliin the kiln : 
another similar opening is left ^y^ieti walling up the 



have projections whereBy they can be* removed or re- 
placed at pleasure. G is the chimney in the centre of 
the dome-shaped roof ; it is of a cr6nical form, eighteen 
inches diameter at the base, lessening to twelve inches 
at the top. ' HH represent four air-aolcs, placed over 
tlie openings F. These air-holes serve to divide the 
draught, and consequently to equalise the temperature 
of the lain. 1 is a round iron pla^e, supported on four 
pillars of the same metal, ahd placed oVer the chimney 
to defend the opening. 

When the firing lias been sufficiently perfolVrfed, no 
more fuel is adcled, and so soon as tlie smoke frqm that 
already upon the hearths^ has passed away, the mouth 
pieces are entirely closed 'to prevent the passage of air. 
Shortly af^r this, the chimney G and the air-holes PI 
are also carefully closet-, and the kiln is left, that the 
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cooling of its contents may go forwarii as slowly as 
possible. 

Pieviously to the* adoption of this improvement^ tne 
kiln employed for baking porcelain was always made of 
a rectangular f^r^, having only one fire-place and one 
air-flue, wliich stood at the side opposite to that whoreon 
die chimney was plftced : an arrangement which ren- 
dered quite inevitable the before-mentioned*^ in c^nveni..* 
cnee, arising from the unequtl disfrlbution of heat. • 

The extension of ^e art, and the consequent com- 
l>etition among the manufactures in ^ance since the 
return of peace,* hnye corapellej them to use the utmost •• 
economy in their tarioiis^ processes; so thSt, while the 
quality of their goods has been fully sustained, the 
prices have been importaiflly lowered. •These savings 
Jiavc been partly realised through the increased skill oT 
the workmen, but are more referrible to the smaller * 
proportionate quantity oF fuel cofisumed,^ wliich ha.? 
arisen, not from any furdier improvement in the form 
of their kilns, but through a better arrangement in 
filling them, whereby they are now made to contain, 
at each baking, nearly one third more of pieces thaD«»i>'>is 
formerly customary, , 

The potter's oven is now alvtfi^ys mad^ of a cyliAlrical 
form, and very similar to the common kilns usea for 
burning tiles^with the external appearance of which every 
one is familiarly acquainted. The drawing here given 
{Jiff, 6.) represents the,‘' biscuit oveif' now used in one 
of the extensive porcelain works^ carried on in tlie city of 
Worcester, Thefu^ace mouths j>f the oven are placed 
,at certain intervals around it; from these the fire and 
hdated air pass into^lionzoptal flues tin the floor, anjJ 
thence Ascend through all^the interstitial spaces betweeii 
die bungs, until the surplus heat escapes throiagh an 
apertiire*in the cei^jtre of the roof. , • ^ 

The; Chinese subject the gt;eate^t»part of their porce- 
lain to only one firing, drying die pieces sufficiently in 
the air to prepare them for glazing, ^^his p^an they are 
able to pursue, because tlie na^re of their materials is 
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such as to rcsu'.t the entrance of water. Their glaze, 
the {imposition of which wiU be hereinafter described, is 
much superior to any used in European potteries, but 
requires the most intense degree of heat for its fusion, 
and considerable art is consequently required for the 
• * . Fig- 6. 



management of the fire, as woU as' in the construction 
of their ovens. These are builtf in most substantial 
manner, so that when th(i fire is at its greatest height, 
the hand may be applied to the outijjde without any fear 
of burning. The draft is promoted by placing tlie oven 
the extreme end of ''a long narrovl passage, which qcts 
a fuqnel in supplying air fair supporting comAistion, 
the intensity of 'v^hich is regulated by fpur or ^ more 
side apertures, pr registers, which arp opened or shut 
according as the heat is required to be augmented or 
moderated. The^hearth is placed in front, and occupies 
the whole ljreadtli<.of the 'oven. The pieces whicli arc 
placed in seggars, are anffuUy disposed in the oven,' in 
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the manner already described as followed in England. 
When the fire is lighted^ the furnace door is walled up^ 
leaving only an aperture large enough for the introduc- 
tion of fuel. The heat is raised gradually during about 
thirty hours^ after which time fuel is incessantly -mpplied 
by two men^ who relieve each othe^ at intervals! The 
wood used for this*pisrpose is very carefully dried and 
cut into slendei^ billets about *one foot in Idngth^ that 
their combustion may be effected wfth greater rapidity. 

Great attention is Necessary for propeily conducting 
the operation of baking. Vaucni^in ob^rves that the 
heat must be sufficient to exp^ all the moisture^ and 
occasion the cohesion of J:|je parts whereof *the paste is 
composed ; but that^ if carried too far^ the texture oi’ 
tlie ware becomes too homAgcneal^ and it is rendered 
l)rittle. Ifrequires a degree of heat sufficient 4o melt’* 
silver (47 17** Fahrenheit) in order to expel the last por- 
tion of water from clay : fvlien this has beqp effected, 
it is found tha(; the weight of alumina is diminished 
forty-six per cent. 

''I'hc process of baking usually lasts from forty-eight 
U> fifty hours, during which time tbe heat is gradually 
increased ; as it would be injuriouB to apply a very blgh 
degree at first. In order to ascertain when the balking 
has been carried far enough, the <wen~man places trial 
pieces in different ])arts of the oven, but so disposed that 
they can readily be t^xn put for examination. These 
pieces are rings made of pommon Staffordshire fire clay, 
which is found to •have the property of cHanging its 
colour with each accession of temjperature. By com- 
paring these rings, therefore,* witli pieces of tlie same 
day which have previously been sufficiently baked, and ^ 
whicli seiwc as a Standard,^ t&e actual progress of the 
wares in the oven may at any time be ^ascertainecLpre- 
ciscly, with less trouble than attends the.q^se of 
Wedgwood's pyrometer. Whep the^appearance of these 
trial pieces is judged satisfactory, ihe firing is discon- 
tinued, the fuinace and ash-pif doors ^are closed, and 
the oven, with its contents, left t^,cool gradu^iy during* 
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twpnty-four cfr thirty hours. It is not necessary to delay 
the withdrawing of the pieces from the oven, until they 
have become quite cold ; but thtf sudden alteration of 
temperature would occasion them to crack, if tliey were 
taken, out while their heat was greatly^ ^bove that of the 
atniosphcrc. ^ 

Some potters are occasionally tfempted, when the fur- 
nace contains articles of small value, tojrisk the damage 
here mentioned, arii to Withdraw the seggars with their 
contents without delay, their object being to profit by 
tile heat of the furnfee either for introducing a new 
diarge, or Ifor drying a fresh set o£ seggars. No one, 
however, would be so improvident sts to expose the finer 
descriptions of porcelain to this hazard, in order to gain 
any such immaterial adva»Jtage. 

From the similarity of its appearance to well-baked 
ship bread, the ware is now ^called biscuit Its penne- 
ability to water when in this state fits it for being em- 
ployed in cooling liquids. If previously soaked in 
water, the gradual evaporation fiom its surface by 
means of the air, causes an absorption of heat from 
surrounding atmosjdierc, which is again supplied by 
neighbouring objects, until an equilibrium of temper- 
ature is restore'cl. ^ ^ 

The proprietors of potteries arc accustomed to furnish 
vases, urns, and other pieces of ornamental sliapes, in 
tile state of biscuit, to ladies who exercise their taste 
and ingenuity in einbellishingi tliem by painting and 
gilding.# Being then returned to the manufacturer, tlie 
glaze is applied, the baking is finished in the gloss oven, 
and the gilding is burnished by means that 'will be de- 
scribed hereafter.' “ * ’ 

If it were attempted to apidy the glaze to articles of 
porccflain and earthenware, without their, previous con- 
version *into biscuit, their texture piul shape would be 
Jiijurcd by the absorption of water from the glaze. 
Neither w'ould it, for the same reason, be possible to 
ornament, the \rare by painting, or to transfer patterns 
to their surface by printing. There is anotlier reason 
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given for the necessity of this previous btking^ in the 
greater contractibility of the clay than of the gla£e^ 
which would crack om peel off if the limit of contractior 
baJ not been previously attained. It will be remem- 
bered that the shrinking of clay upon tlie applii ation of 
heat is permanent, and that no alteration of its bdik ydll 
occur, unless it be ftxtijected to a still higher degree of 
temperature. Jfy limiting, therefore, the hekt pf the 
gloss oven in which the baking is finished, below tlmt 
applied to the biscuit? the* evil of cracki/ig the glaze, 
through the contraction of the walk?, is abided. ' 

The glaze ustial^Y employed* for common kinds of 
earthenware is compoundj^d of litharge of leaif and ground 
flints, in the proportion of ten parts by weight qf the 
former to four parts of the*l^tter. Cornfeh granite is 
sometimes substituted for flint, and used in tic pro-** 
portion of eight parts to ten of lifharge. This method 
of glazing is objectionable on account of the injury 
which, notwithstanding every precaution th*at can be 
taken, it occasions, in its application, to the health of 
the workmen employed, who frequently are seized witli 
paralysis ; and because the lead, ^hich is soluble 
means of acids, and highly poisonous, renders vessels 
thus glazed impremer for preparing or containing iftany 
articles of human'food. 

The bad effect of raw glazes upon their health, is 
greatly lessened to file ^vorkmen when they can be 
lirouglit to the frequent use of^ ablutions. In every 
pottery the men eftiployed in glazing shoulcfb^ and in 
most establishments they are, plentifully supphed with 
soap, which they are^njoindd to use on every occasion 
*of • quitting their w(]vk. Unfortunately, however, the 
worCinen themsel^/es have become erroneously impressed^ 
with a belief in the superior efficacy of ardent Spirits * 
in warfliflg off or counteracting the poisonous ejects of 
lead, and fly to the* use of this as a s{)cci&c, to a degree 
which too often proves, both*physically and morally, 
worse thni the evil which it is intended to prevent. 

The mixtures just mentioned are Called fkw glazes^ 

f 
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their employTTient is convenient to the i)otter because of 
tlieir cheapness and extreme fusibility. Flinty Mrhich 
remains unaffected in the focus cf the most powerful 
lens, is, when combined with lead, melted and vitrified 
at a comparatively low heat. ' The method of using this 
gla^e is to reduce the ingredients to tfie state of a fine 
powder, and throw them into ae» nluch water as will 
makenhem of the consistence of thia cream. The 
mixture must be vi^ell stirred, that the powders may 
be always kejpt uniformly blendea' throughout tlie fluid. 
The pieces are first wushed to free them from dust, 
and then merely dipped into the liauid and wdthdrawm, 
when they liiust be turned rapidly abtfut in all directions, 
that the glaze may flow equally over the whole surface. 
The superfluous liquid having betMi allovcd to drain oft‘ 
for a few seconds, and the pieces having been set on a 
board during a few minutes, they are ready for insertion 
in the seggars. 

C'haptal, in his Chemistry applied to the Arts,” has 
given a process for forming white enamel, which answers 
well for glazing the superior kinds of earthenware and 
tender porcelun. Equal parts of lead and tin are kept 
in fusion until completely oxidated. The powder thus 
forn'/ed is grouiid with w^ater, all impurities arc removed 
by repeated washings, and being dried it is kept for use. 
Tlie whitest flints arc then chosen, and fused with 
carbonate of potash, the latter being in such proportion 
to the flint, that the mixture will he soluble in water. 
To the solution of flint thus made, muriatic acid must, 
from time to time, be added, until no further preci- 
})itation occurs. The precipitate thus obtained is pure 
silex, which, being washed and d^icd, is also fit for Use. 
If then one part of this silex, and one part of* the me- 
tallic«oxidc, be added to two parts of carbonate of potash, 
and the ivhole he fused in a crucrble, the in ass need 
only he reduced to fine powder to prepare it /or use 
in glazing. 

Mr. John Rose, of the porcelain works at Coalport in 
Shropshire, speaks in commendation of a glaze for hard 
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porcelain which he has used for some tiifte, and whjch 
having been examined by competent artists, at the re- 
quest of the Society hf Arts, has been reported on very 
favourably. Mr. Rose's g^aze is composed of 27 parts 
of fels})ar, 18 ^ borax, 4 of Lynn sand, 3 of nitre, 

3 of soda, and 3 of the China clay •of Cornwall. l*his 
mixture is melted together and ground to a fine powder; 

3 parts of calckied borax being added previously'* to the ' 
grinding. • • • * 

Glazes for porcelain and the finer kinds of earthen- 
ware are generayy made with ughite lead? ground flints, 
ground flint-glass,^nd common salt; Lynp sand corn- • 
billed with soda, as a flwt, being frequently added to 
the ingredients just mentioned. Almost every fnanu- 
fiicturer uses a peculiar glasR?, the recipe for wliich is 
kept secret by him as much as possible, under^hc idea* 
of Its superiority compared with that employed by his 
competitors, so that it is not possible to state4)roportu)ns * 
with accuracy. The French }»orcclain makers have given 
the composition of hard glazes made by them, which are 
all said to be formed of flint, ground porcelain, and 
crystals of calcined gypsum, in tlfe following diffeiait 
proportions : — - 

^ No. f. , No. 2. No. 

Calcined flint - - - 8 parts 1 7 parts 1 1 parts. 

Ground porcelain - - - 15 If) 18 

Crystals of calcined gypsmp 9 7 12 

It is necessary Jo vary the composition of tiie gUze, 
in order to suit the different materials that i^rm the 
body of the ware, si^ce thaj wouW be a very fine glaze 
•for one mixture of earths, which would be wholly 
inappropriate to |nother, pr<>ving deficient in lustre and* 
being liable to crack. Be^re adopting any glaze pi con-, 
junction ^with,a particular kind of wars*, it is mosft pru- 
dent to make trial of it upon a small scale, in oialer to 
prove the suitableness of the ladies to each other. 

This branch of the potter’s art is grc;atly indebted to 
the extraordinary perseverance of a sipgulat^jnau, Ber- 
nard de Palissy, a native of F#ance, who was born in 
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A^en at the cVose pf the fifteenth century. His parents 
occupying a humble station in life^ he was entirely in- 
debted to his own unquenchable energy and perseverance 
for the success which crowned his industry. 

The original occupation of Palissy, was that of a 
dmightsman^ to which pursuit hq added land sur- 
veying. ^ccident having thrown into his hands an 
enamelled cup^ he was immediately seized with tlic de- 
sire of improving the art, and thenceforward relinquish- 
ing all other' occupations^ gave up his whole time, 
mind, and suh-tance, *cli.iring several years, to the pro- 
secution of experiments on the composition of enamel. 
He has hiinself given a narrf.tive of his labours, sacri- 
fices, rnd sufferings, during the progress of his pursuit, 
which is intensely interesting. 

’ In tMs account, Pii'lissy represents himself as alter- 
nately planning and building, demolishing and rebuild- 
ing his furnace, at every step buoyed up by hope, and 
as often met, hut not subdued, by disappointment ; the 
object of remonstrance and derision to his associates, 
subject to tiie expostulations of his wife, and witness to 
tli, silent but more doquent reproaches of his children. 
In other respects Palissy proved himself an amiable as 
well Ss a highly gifted nlan ; for, not, withstanding that 
his efforts were idtimately crowned by success, — that 
standard wdierehy the judgment of mankind is most 
easily and therefore most usually formed, — one might 
hesi|ato to applaud a degree of perseverance which, for 
so long r time, materially interfered with the welfare of 
his family. Amidst aU this scenf of deprivation and 
disappointment, Palissy bore outwardly a cheerful coun- 
tenance, and, throughout the lengthened trial, confined 
within the dungeon of his own breast^ those feelings of 
bitterness which be has so forcibly described as being 
his portion. 

The extremities co which he was at one time reduced 
were such, that to provide fuel for feeding the furnace, 
his furnitqre and ^terwar^s even some of the wood- 
work of his dwelling were destroyed ; and in ordeir to 



CHAP. V. * OP FlKlNGt AN# GLAZING. * 69 

dlence the clamour of his assistant iv^rkman for the 
payment of wages, he stripped himself of a portion of 
his apparel. At tength, however, these efforts weie 
rewarded by complete success ; and fame, honours, and 
independence ^re thenceforward his attendants through 
a long career of i^seful occupation^ * • 

l^alissy's after piffsuits were of a more general cha- 
racter, embracing the sciences of agriculture, chemistry,? 
and natural hislpry. upog which subjects he both wrote 
and lectured with ability and success. • 

Nor did the firmness of his^ cfiaractes forsake him for 
a moment to die%end of his Jife. Being a protestant,** 
and having ventiffed, 4 n« some of his lectures, to pro- 
mulgate facts which made against the dogmas of the 
priests, he was, when in hiS aineticth year* dragged by the 
infuriate *zeal of these fanatics {p the Bastile,wind died, 
with consistent firmness, within its walls. His heroic * 
reply, while thus imprisoned, to Henry 11^. is above all 
praise. My good man,” said the king, if you 
cannot conform yourself on the matter of religion, 1 
shall be compelled to leave you in the hands of my 
enemies.” — Sire,” replied the intrepid old man, I 
was already willing to surrender my life, and co^d any 
regret have acijpmpanied th^ ^ction, it must assuredly 
have vanished upon hearing the great king of Fiance 
say ^ 1 am. compeljpd.’ This, sire, is a condition to 
which tliose who force yyu to act contrary to your own 
good disposition can ^ever reduce me ; because 1 am 
prepared for desklh, and because your whole j^oplc have 
not the power to jpmpel a simjile potter to bend his 
knee before images which ^e has made.” 

* ^So great is the c9mj)etit|pn amon^ potters in the pre- 
sent dky, that means wjjich are injurious to their real 
qualify are frequently adopted for rendering th«r wares 
less costly. Sonfl|p makers arc hence tepipted^o^the em- 
ployment of materials tliat will enable them, at a mode- 
rate price, to furnish articles apparent^ good, but which 
will speedily prove defective iffhen brought into use. The 
serving which the manufacture is able to ettect, throiigli 
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the adoption of an inferior glaze, consists not so much 
in the actual cost of its component parts, as in the 
smaller quantity of fuel required tor its vitrification, 
and in the shorter period of time demanded for its 
conversion. ^ 

lUie earthenwares 4 )fFered, at low gjrices, by hawkers 
and pedlers^ and at inferior shops, "are mostly composed 
Of clay that will not bear a proper degree#of heat in the 
oven, and are covered by a gl?/e sp tender as to craze 
after a few clea.isings with hot water. If exposed to a 
high temperature, or if ‘a^jids be applied,^ the glaze will 
• be dissolved, and the vessels consequently rendered use- 
less. The quantity of lead wfeich enters into the com- 
positionr of the better kinds of glazes is so small, that 
the deteriorating and pernicious effects which attend 
dpon the^'Use of raw glaze need not be apprehended 
‘ from their employment. 

The segg£p*s used to enclose the wares when baked in 
the gloss oven, are similar to those employed in the first 
firing. Previous to their insertion, the pieces must 
have the glaze wiped from the parts which immediately 
resWwUpon the bottoms of the seggars, otherwise they 
would , adhere and might lie broken in tlieir removal. 
The cAses are piled up iu the manner already described, 
and just tliat degree of heat must be employed wdiich 
will give perfect fusion to the glqze and .cause it to 
spread regularly over the surfatc. The temperature, of 
c-ourse, varies according' to the quality of the articles 
and the composition of the glaze ; but, for the reason 
already stated, it mu^t nevpr be O'irried beyond the 
degree to which the biscuit has been jireviously ox- 
p^ijed. In practiett, tlic ten^jieratuit of the gloss ov^n 
is generally less by about ten (k‘{?rees of Wedgwood, or 
1 fiOO degrees of Fidirenheit’s scale, than th& hea^ of the 
biscuit oyen. , 

As alkaline suhstafices are so powerfully instrumental 
in promoting the ^sion of intractable bodies, it may he 
thought, tha^.by increasing their proportion when com- 
bined widi felspar, glazesp might be formed that would 
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fuse at a heat sufficiently moderate for Aiy descriptjjm 
of earthenware^ and that^ consequently^ the use of oxide 
of^lrad^ which is ^ pernicious^ might be altogether 
abandoned : but another serious evil which would then 
be expei-ienced j^revents ^is substitution. The glaze, 
if it contained beyond a certain poUion of alkali, wc^ld 
not undergo the sameMegree of expansion by Jieat as the 
body whereon i^s laid, and would, as a consequence, crack ' 
to such a degree fs, ^hcn J)rotight into use, would a^^hw 
any greasy matter to penetrate through to the bod^ of 
the ware; and this would gpSedily destroy its co- 
herency. • 

The qualities wBich i4 is the object of the manufac- 
turer to give to porcelain of the finest description, are 
density, whiteness, transparency, and fine texture of the 
glaze. "J'hcse properties are estimated in tllh order* 
wherein they are here enumerated, compactness of body 
being the point which it is considered most desirable to 
attain. The glaze, as seen in the finished porcelain, 
should not put on a lustrous appearance; but while 
beautifully smootli to the touch, should present to the 
eye rather the softness of velvet than the glor.s of satin. 
This peculiar semblance will only be produced | with 
glaze that melts ^ith difficulty^ ^ind when the heat has 
been raised precisely to, and not beyond, the point that 
is necessary fpT its fq^on. 

Stoneware is a very perfect kind of pottery, and 
approaches nearer than» any other description to the 
character of porcelain. Its body is exceedin^y dense 
and compact, so murj;! so, indeed,, that although vessels 
formed of it are usually glazed, this covering is given 
to*t|;fem more with tlte view^f iinparCng an attractive* 
appearance tlian of preserpng them from the acQon of. 
liquids^ ^Whpn properly made and b^^d, stoifbware 
is sufficiently hard, to strike fire from Sint, and* is as 
durable as porcelain. ^ ^ * 

This kind of earthenware is composed of clay and 
flint. The proportion in which the^ ingfedients arp 
used is said to vary in difierem manufactories, and it 
f,4 • 
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i^difficult to^certain the precise quantities employed 
In any. The grinding and dilution of the materials is 
effected in the manner already ^lescribed^ and wjien 
these have separately been thus treated^ their union is 
commonly effected in the proportion about eighteen 
measures of argillaq^ous to fourteen pleasures of siliceous 
fluid. Any larger proportion of flint would render the 
compound more difticult to be worked; ^nd if much less 
were used^ the baked ware^ would i^ot present a suf- 
ficiently smooth and shining appearance. 

The 'best description's of tliis ware have very long 
been made in the potteries at Lambeth^ the proprietors 
of which procure their supply cof clay from Devonshire 
and Dorsetshire, and purchase flint already ground from 
Staffordshire, where this material can be aflbrded at a 
' clicape>-ratc than wo{dd attend its preparation so near 
the metropolis. 

The plan introduced by the two brothers Elers is 
still pursued, of glazing tliese goods by the decom- 
position of common salt thrown into the kiln, at or 
near the conclusion of the baking process. Other glazes 
are likewise employed for many articles, and, according 
to tlie usual system, the particular components of these 
are klso veiled in mystery ; ground glass is, however, 
imderstood to be the basis of all. 

One of the most considerable of the Lambeth potters 
has recently announced the discovery of a glazing com- 
pound, which is sufficiently fiviible without containing 
a partiqje of lead, and^^which has been proved capable 
of altogetlier resisting the action q£ acids ; it is used by 
him for coating the insides of jars and bottles of alL 
descriptions. < ^ ^ ^ * 

The different colours observable on the outei" su^ace 
of di^nking jugs and other articles, is ,owin^ ^to the 
partial use of ti glaze, the part to w^iicli this is applied 
becoming dark in the heat of the kiln, while the glazing 
of the light coloured portion is caused, as before men- 
tioned, by the introduction of salt. 

The fasliioniiig of |ipone ware pottery is, in all re- 
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spects^ conducted similarly to the processes Are^dy fuDj^ 
described. Seggars are mostly employed for cncloMhg 
the pieces during the*baking^ which usually occupies 
about forty-eight hours. , 

Vesselsiof considerable size^ some being capal|J[e of 
containing sixty imperial gallons^ are made in thift 
manner^ and are foun ^ highly useful in pe^orming 
many chemical Ojfierations connected jirith the arts. 
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• • ^ r 

ON THE ART APPLYING Co£oURR AND ENGRAVINGS 
TO I&ATllKNWABE./ 

iOfTlQUlTY KNaMEL COLOUUINO. SPECIMENS FROM ANCIENT 

EUVFT. FROM THI?- ROYAL WORKS AT SEVRES. —PAINTED 

WAKE OF vfoKCE.STKll OF STAFFORDSITIKE OF ItKRET 

OF YORK^SiriRE. — ORiaVT SERVICES VjP MU. WEDGWOOI» IN 

THIS ERANCH OF THE MANWKHCTt'RE. MYSTERY IN THE 

r|f.F.PA RATION OF COLOURS. PrULlCATlON OF PROCESSES TTY 

M. BRONGI^ART. MKTAL|.lv: OXIDES ADDITION OF FLUXING 

BOD NECESSARY AND WHY. COLOURS EMPLOYED FOR 

TENDER AND FOR ^..ARn PORCELAIN. VKIllCLE USED WITH 

THE COlXDTlih. MODE OF THEIR COMBINATION. DESCRIP- 
TION OF COLOURS. PURPLE AND VIOLET. RED, YELLOW. 

— BLUE. GREEN. BROWN. BLACK. — WHITE. COM- 

POUND COLOURS. — PRECAUTIONS NECESSARY IN FORMING 
THOSE COMPOUNDS. GILDING. LUSTRE WARE. PRE- 
PARATION or COLOURS. ENAMELLING KILNS. TRIAL 

' PIECES. MF.THOD‘'OF GILDING AND BURNISHING. COPPF.K- 

FLATE ENGRAVINGS. MODE OF TRANSFERRING IMPRESSIONS 

Tg earthenwares. LOW PEKFORMElt. IN FRANCE. 

The art of 'painting on earthenware^ although of com- 
paratively recent introduction into England^ is by no 
means a modem invention. It is well known that the 
ancients manufactured coloured enamels ; and some spe- 
cimens of tlie art, performed by the Egyptians more than 
three thousand years ago, have been preserved to the 
present day, which is an evidence of this fact ; showing 
us, at the same time, that, in so remote air age, the 
ard^s of Egypt were possessed of sufficient practical 
knowledge of chemistry, to avail themselves ot processes 
which have been* brought to light anew by scientific 
investigatOTB of more modem times. 

Recently, the art has been carried to an admirable 
'degree of ‘perfection in Europe. Some spedmens are 
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preserved in the porcelain works at Sevres^ oPwhich the 
French artists are justly proud ; while the performances 
in our own potteries aP Worcester, in Staffordshire, at 
Derby" and yet more recently in Yorkshire, are such as 
entitle them to be placed in an equal rank with those of 
Tiur continental neigliwmrs. . * ■ 

When, about seventy yftars ago, Mr. Wedgwood com- 
menced the series (|f*improveme][:k, by which his name 
has been rendered si^ de|ervedly*celebf£Cted throughout^ 
Europe, no attempts at embellishment had bean made in 
the English potteries ; and if onyiAented ..services of 
porcelain were seen *014 the tables pf the wealthy, they 
were always of foreigfi, an|^ generally of oriental pro- 
duction. So soon, however, as, by the intrinsic meritoof ‘ 
his wares, this enterprising mfluufacturer ha*d secured 
not only the p&tronage of royalty, bqt the more «olid 
support of his countrymen in general, he called into 
action the crucible of the chemist, and the pencil of the 
artist, and led the way in bestowing that degree of out- 
ward embellishment on his productions, which converted 
tiiera into objects of elegance, and at once encouraged 
and gratified the growing taste for ludtury among the 
higher classes in this country. 

The system of mystery still pre*erved in ftie EnglilL 
potteries, in all that respects the Composition and glazing 
of wares, was likewise lo^ practised with regard to the 
preparation of colours. 11^ at^iiy time, a manufacturer 
had found out a preparatiqp more advantageous than 
tliat in use before, he* always endeavoured to limit the 
benefit of the discovery to his own works ; a uesire 
more easy of accomplishment formerly than it has be- 
come since the more gentral di^sion of^ the light of 
science.* M*? Brongnfart, at one time director of the 
national manufactory of porcefain at Sevres in Francfe, 
has the merif of l>eing*jlie first who publislic^ a correct 
statement of the most approved plans fop preparing and 
combining the metallic oxides us"^ in colouring por* 
celain and glass. The employ meift of thgse Substances 
for such •purposes had been long b^ore and c^monly 
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practised^^and the art was even carried by some of its 
professors to a high degree of perfection ; but, as M. 
Brongniart observes, no attenf|)t had been made at the 
time his essay was written (1801), to apply to it the 
principles of chemical science ; ai^ such pretended de- 
Bcrijitions as l^d then been ^lolished contained nd 
theory, and consequently no ^rreral principles. Where 
even the authors dSi offer expirations, these were 
^founded upon tlTe mofft ryJicu^ous hypotheses; so that all 
improveimmts were rather the offspring of chance than 
the result of systdln^itic enquiry. 

It would afford hut little satisfaction, or information, 
to relate by what steps ifbw under consideration 

iwis reduced into a system, and thus became, in some 
measure, ^deserving of^tlie name of a science. It will be 
sufficient to stat^ the means by which *that art is now 
rendered available in the best conducted porcelain wrorks. 
In a g 3 :eat part of the following description, the lucid 
statements given by M. Brongniart in his essay will be 
closely followed ; since, with scarcely any variation, the 
same processes have been used in both the French and 
English establishments to the present day. 

In this branch of the art there are various objects to 
oe consid&ed, a prtiper acquaintance with which is 
necessary to success. Such are, the composition of 
colours ; the fluxes which are iiecessaj y to render these 
fusible, which unite thepi to the wares, and in many 
cases impart brilliancy to ^heir tints ; the vehicle em- 
plo}^d*in laying op the colours, and the course to be 
pursued in fixing them on tiie porcelain by means of 
heat. 

Metallic olides fom^ the basus of all vitrifiable Colours, 
but every metallic oxide not prof)er for being employed 
lie decorating porcelain. Some are ^highly volatile, as 
tl^e fOxides^ of mercury and of grsenic. 6t1iers part so 
freely with the oxygen they hold in combination, that 
their colour proves uncertain, and varies with every ap- 
plication df beat ; duch are the puce-coloured and red 
oxides %f lead, an^ the yellow oxide of gold.- Oxides 
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which are susceptible of great variations are v Ay seldom 
employed. Black oxide of iron is not used done for 
producing that colour on porcelain ; and the green oxide 
of coppe»', as formerly prepare^, was so uncertain that 
it was very rarely em^ Joyed ; but this evil has, since the 
time of M. Brongniar^been greatly remedied. 

Oxides uncombined witl? other substances are not sus- 
ceptible of fusion ; aad although they may be attached in 
thin strata to vitrifiaWe ||pdie{^ by a very violent heat, 
yet their colours, with the exception of lead and bismuth, 
would, in such case ^ecome dull, ai^l* possibly be eVen 
destroyed. In order ttv promote tlieir fusion, a^ flux is 
therefore added, the compoaition of which varies ac- 
cording to the means employed for diluting tlie colours 
at the time they arc used. Where a volatile oil is 
diosen for this dilution, a flux compo;ii?d of glass, nitre, 
and borax is most proper ; but when, as in tlie Sevres 
manufactory, gum- water is substituted for this yolatHe 
oil, the flux must be varietl, because borax cannot be 
properly diluted in gum-watcr. A compound of glass, 
lead, and silex is therefore preferred by M. Brongniart, 
who, however, has given no direction* regarding the 
proportions wherein these bodies must be brought tog^ 
ther. I'lie other mci\ftruum, which 4s recommended by 
M. de Montainy, in his treatise on painting in enamel, 
is composed of • ^ 

Pow^dered glas» 40 parts. 

Calcined borax * 22 • 

Refined nitre - 44^ ^ 

It is indispensable, not o^y that; the bprax and nitre be 
as jwre as they can be rendered, but ^so that the glass 
shall no^ contain the ^mallest particle of lead in its com- 
position. These ingredients mjist first. he well triturated 
together in, % glas^ mortar, with a pestle ,of the same 
material, during an hoiur, and then exposed ia a cru«i^ 
to the heat- of* a charcoal fire, until thci^ Swelling, which 
for a time accompanies the fusion of the mas^ has ceased. 

* Mr Tilloch remarks (Philos. Mag. vol. li.) that bor^x shouU l>e used 
sparingly, tis k causes efflorescence, and promotes the decay of^dc enamel 
colours. • 
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By mdhis of this flux the colours are fixed upon the 
porcdain, and made to assume a resplendent appearance : 
the metallic oxides, being enfeloped by the flyx, are 
preserved from all contact with the air, and their colour 
is rendered permanent ; the fusion having been pro- 
• moted at a temperature too low their destruction. 

Trial should be made of the habitudes of different 
colours in combination with their in order to de- 
^termine the exact quanty;y tq^be Employed with each. 
Various substances vitrify with greater or^less facility 
when thus. combined, and the greatest carefulness and 
skill are consequently required,"’* so to proportion the 
relative quantities of eaoh^ that not more of the fiiix 
«l^all be added than is necessary to cause a perfect vitri- 
fication. If too little >vere used, the colours, although 
thej might attacbi themselves to the porcelain, would 
nevertheless be dull ; and if too much, the colours would 
run, thpir outlines would not be sufficiently decided, and 
all the finer touches of the artist would disappear. It 
has been remarked, that colours which require for their 
fusion more tlian six times their weight of fiux, do not 
flow with sufficient facility ; and, as they cannot be ap- 
pjied with a pencil, so as to produce a satisfactory result, 
^ould be rejected. ,, 

Such metallic oxides as would have their colours 
altered by a strong or often reueated h'?at, are employed 
after being mixed with tl«ir flux, but without having 
l)een previously fused with ^t. In many cases metallic 
oxid*^ are first fusj^d with die requisite proportion of 
their fiux, and ar^ then, ground for use. 

Enamel is glass made opaque by the oxide of tin, ind 
rendered fusinlc by thc^, oxide of lead. All glazes that 
contain lead participate ^n the pro])erties of enamel. 
BLiw glazes i^sed for covering tender, porcelain arc of 
th^vnaturq. The colours em^doyed in painting ihv& 
porcelain are thyse which serve for painting in enamel ; 
they require Jftss flux than others, because the surface to 
which they applied becomes soft enough to be pene- 
trated by them. Hgrd porcelain, whose nature *is iden- 
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ttcal with those of China and Saxony^ hatS two kinds 
of colours applied to it. Those of the first kind^ which 
are used in the representation of different objects^ arc 
baked in a heat much below that necessary for ba^ng 
porcelain ; while the other *colours^ which are few in 
number^ must be ex||osed to tlie highest degree required 
by the porcelain itsell^ •The glaze used for hard por- 
celain has little or no lead irP its composition. The 
Sevres manufactur'^s^ and some few^in England^ em-* 
ploy felspar without any mixture of lead, ^his glaze, 
when exposed to the heat of the {^o^s oven^ dilatefi^ and 
its pores are opcnefl Ji^ithout becoming soft, so that the 
colours are not absorbed l%i^ and do not undergo tlmse 
changes ivhich occur when they are applied to tetter 
porcelain, wlierc, by mixing *with the bdHy of the 
enamel, they become faint and indistinct. This effect 
is much increased likewise where some particular colours 
are employed, and especially the reds produced from 
iron, which are exposed to the destructive action of the 
oxide of lead that is contained in the glaze. Painting 
on tender porcelain must, for these reasons, be several 
times retouched with the pencil, in prder to give to it 
tlic distinctness and brilliancy which follow the use of 
tJie same colours on bard porcekin, so thdl a high de- 
gree of ornament is Seldom or never* given to any but the 
latter description. In the embellishment of hard por- 
celain, these retouch ings^are pot required, except for the 
most elaborate specimens o| the arl^ wliich can by such 
means, however, be firoduced with the most aHmirabk 
degree of perfection, so as to renSer paintings on por- 
t^^n not distinguishable from\he finest productions of 
the pictorial art, without reference to The body upon 
which tt is*performdll, or to the means used for bringing 
out the colours ; natural objects, landscapes, portrajits, 
and even Kifitorical pie^s being represented ^with sfi the 
truth, as well as witlT all the biillianay of colouring, 
which distinguish the works of life first masters. 

One great inconvenience attendif the repeated exposure 
to the heat of tlie oven of pieces thus retouSaed ; the 
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^colours beii^ liable to peel ofF^ unless the greatest care 
^haabeen used in their application. This defect has been 
remedied in the Sevres vrorks^ by ^introducing a calca- 
reous flux into the felspar glaze; which softens it^ with- 
out at all aflecting the bod/ of the ware. Soda and potash 
stre never used as fluxes^ as their in^^bduction causes the 
colours to scale; tlie reason for avkich is^ that^ becoming 
volatile fn a great heat^'they abandon the colour^ whidh 
<dien will not adh^Ve to the glaze, f 

The liquid matter which series as a vehicle in laying 
on th& colours^ is rtibbed with tliem upon a glass palette 
until the whole is intiTnately uipt^l. The mixture 
must be brought to that statq of dilution which is most 
proper and convenient for its application with a hair 
pencil on flie surface of the porcelain. Great care is 
used in the choice^ and management of these diluent 
liquids^ which must always be sufficiently volatile to be 
entirely dissipated in the heat to which the wares are 
afterwarils exposed. In France, tjie preference is given 
to oil of lavender as a vehicle ; and in order to ensure the 
proper degree of fluidity, this oil is divided by distil- 
lation into two ps^s ; that which first comes over being 
the most volatile, and having the least density, is used for 
difating'^ the^ colours when they become too thick ; and, 
on the othd^ hand, the portion that remains in the retort, 
having the opposite qualities, is reserved for thickening 
them when the]f run too, freJly. Oil of turpentine, 
which has been some time in store, is more generally 
used iif ^England, and ,is said to answer the purpose 
better than any other volatile fluid. 

It was remarked by Bfbngniart, whose practical know- 
ledge qualified him to pudge rorrectly on the subject, 
that of all the processes for paintirig on glas:^ and por- 
eelfin described in works ^i^at were in ^stence at the 
time £^his essay was publislted, there iS^^^iol; one, by 
strictly following which, the desired emours could be 
produced. In describing these processes, one author 
had followed* anothei without knowledge or examin- 
ation ; aifd even tlie treatise by Leviel, wliich forms part 
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' of &e volaminouB work on aVtB and mauulTactureB^ prk* 
lished under the auspices of the Academy of Sciences in 
is not free fAm this reproach. Such want of 
c^rectnessj fVoin whatever^cause it maj have arisen^ is 
little honourable the autliorB^ who if even unsj)le^ by 
penetrating the vel!^ of mystery wherein the' manuftc- 
turers shrouded theil practices, to expose theip. correctly 
to the woild> mirrhtj without Sifticu^ty^ have ascertained 
the truth, or falselmod ^f that to which they* were affixing 
the stamp of their authority.. The coui^ whiph they 
pursued would agsuredly fail of •success in the present 
day^ when an acqfiaintance with chemical 4 >henomena 
is no longer confined, aB»it formerly was, to a few 
among die rarer order of |tudents, and^suph Errors 
would be certain of confutatidh at the mometit of their.* 
promulgation. ♦ • ► » 

Purple and violet colours ate^ procured by dissolving • 
gold in aqua regia (nitro-muriaUc aeid), and immersing 
a bar of pure tin in the solution. The product thus ob« 
tained is called, from its inventor, the purple precipitate 
of Cassius, and is used very generally for giving the 
above-mentioned colours to porceldn. A preferable 
way of preparing tliis precipitate is to dii^solvo theitwo 
metals separately,* and by then bringing ^he solutions 
together in diderent proportions, various shades of car- 
mine, violet, and x^uqple are obtained. The first of 
these three tints is seldom 8sed in porcelain works, for 
although extremel;^ beauSiful, it h also very* transient, 
and may be easily spoilt by a ^small excess of Meat, or 
by the contact of carbonaceous vapours, a circumstance 
which is the less important, as its place may be well 
sup])]icd by a rose colour obtaMied from iron, and which • 
is not iiaf^e to the same disadvantage. Carmine ccdour, * 
■when usecbj^^nd^r porcelain, is prepared with fuLmi- 
nating golcf^^ade by dissolving the mc!^l with tiqua 
regia and precipitating with amtnonia^, and muriate of 
silver. This compound is without any addition of tin, 
which shows that an union of the oxide of tjki with that* 
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of gold is not«4iecesBary — as many have supposed — for 
me production of purple. 

Violet colour is also made witlv the purple oxide of 
goldj requiring the presence of some portion of lead in 
the flux for the developemdnt of this shade. These 
three chiours cannot bear exposure t^he full lieat of a 
porcelain furnace^ in which they Tivoiiid wholly disappear. 

' In using 'the precipitate of gold^ it is mixed with aboift 
six times its own weight 'af flux^ and employed with, 
out previously fusing flie tirfb bc&lies together. T^Tien 
flrst applied 09 the porcelain it is of a dirty violet colour, 
but by exposure to heat this passes a most beautiful 
purple, it is recommended to employ charcoal as fuel 
in bluing diis colour. Frequent exposure to tlie fire 
will materially impair its beauty. 

' Rednoxide of iron, prepared by the united action 
of Are and nitric acid (the aquafortis of commerce) 
yields a red colour, which, altliough beautiful, is less 
brilliant than that produced Arom gold. As already 
stated, it is, however, preferable on account of its less 
liability to change. Shades of red, deepening from rose 
colour, and passingly the increased application of heat 
to brown, are obtained from iron. The flux employed 
with- this oxide is composed of vitrified borax, sand, 
and a small proportion of red lead, ahd the colour may 
be used either with or without previous fusion with its 
flux. By the mixture of black ind red oxides of iron, 
in different proportions, various shades of reddish brown, 
cbesnut. &c. are obtained, lied colt^urs produced from 
iron cannot be used on tender porcelain, since they dis- 
appear, in that case,” on exposure to heat. This effect 
must be ascribed to the presenceoof lead in the gkze. 
Several experiments, contfucted by IVi-. Brongii?art,*have 
provod this fact beyond all Controversy. 

A very permanent red colour is procufed by calcining 
the oxide of iron '•with double its own weight of com- 
mon salt (chloride of sodium). The processes used for 
this purpose must be carefully conducted, and the salt 
purified ami decrepitated — that is, subjected to the 
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action of heat until all crackling noise ha<f ceased. T^e 
oxide is procured by dissolving iron filings in nitric 
acid^ and precipitating with salt of tartar (sub-carbonate 
of potass) The precipitate must then be ])laced on a 
thin sheet of iion, and ex*posed under a mt ffle to the 
heat of a charco^i^, fire^ until it h^s taken a fine ved 
colour. The two Substances having been well tritu- 
rated together in a glass or porcelain mortar* are then * 
calcined in a crVicible, a^d the d^eration should ^be 
carried as far as possiole, without occasioning tlie vitri- 
fication of the mass. When tj^lfbn from the fire and 
cooled^ the conitiorind is agaiii triturated* successive 
portions of hot wat^r ara poured upon it^ stirred, and 
then removed, until tlic water is no longer coloured. 
The fluid thus tinged is alldWed to settle, and is, when 
clear, poured from the se<liinent, ^hich is then^Washed** 
five or six times in fresh portions of clear water. 

To obtain yellow colours, fhr both hard and tender 
porcelain, wliitc oxide of antimony, mixed with sand 
and oxide of lead, are employed, the latter substance 
serving as a fiux to the other.. Great carefulness is 
required in the preparation, as the •lead frequently ap- 
proaches, by reason of the heat, to a metallic state, and, 
in that case, appears in the foiln.of black spots on die 
wares. Oxide of tin is sometimes added, and wher tlie 
colour is required to Ijjp livelier, and approaching to that 
of saffron, red oxide of iroa is added, the too grOat red- 
ness of this being subdued by the action of the kad, in the 
fusion which the ifigrodients undergo, previous^to their 
application on the pgrcclain. The colours thus pro- 
iJucetl aie not susceptible of change, but if exposed to 
the full heat of a porcelain furnace would be entirely , 
dissipated. ^ 

Oxitlp^f uranium, mixed with oxyle of lead,^ pro- 
duces a straw colbyr. ]$y decomposing chioms^ of 
]>otas8, with nitrate of lead, w^ich isT a satuiated solu- 
tion of lead in nitric acid, cliroinate of, lead is precipi- 
tated, snd this proves a \ery csfcollcnt^ellow colour. , 
Naples yellow is composed ^if ^24* parts of ceruse, 



84. 


PORCELAIN MANrFACTURE. 


CHAP. VI. 


4vp£Lrt8 of o^de of antimony^ and one part each of 
alum and sal ammoniac (muriate of ammonia)^ calcined 
together at a moderate heat during three hours, ^fhe 
shade is varied by increasing or diminishing the pro- 
portion^ of sal ammoniac. The quaii^jty of flux that 
mifSt be combined viith this colour fq/ use is uncertain, 
and must be matter for experiifleitt with the manu- 

* facturer. * 

•for the production pf*Wi^, wfll prepared and very 
pure oxide of •cobalt is employed, mixed with a flux. 
Oxides of tin •and of %inc, added in different propor- 

• lions, give cJifFerent shades, from a dt^ep rich colour to 
a light blue. As the oxide #f« cobaft is volatilised at a 
high heat, it^is impossible to place in the same case, 
^white pieces, and such as •are painted blue* since the 
former f;rould ccrtainl^^ assume a bluish tint in the ope- 

^ ration of baking. This difficulty docs not occur with 
tender porqplain, on whidii the cobalt is not volatilised 
as in the other case, owing to the heat being very in- 
ferior to that used in baking hard porcelain. These 
blue colours, if they have been previously fuserl, do not 
, change at all after l^ieir application. 7’he rich smalt, 
knowji under the name of azure-blue, is only the glass 
of cobalt, mixed with 6jin*d. This colour must be fused 
in a crucible, and reduced to an impalpable powder in 
an agate mortar, after wliich it be usifl in combin- 
ation with flux. • 

Prussian, blue, which results from tjje union of hydro- 
cyanic afid witli oxide of iron, is very extensively used 
in the arts ; and being prepared oi^ a large scale for sale, 
in various parts pf the kingdom, no manufacturer 
•porcelain will undergo the troulfle, pr encounter, the 
.unpleasant circumstances attqpdant upon its preparation, 
but 1411 rather obtain the comparatively cmalf^c^antity 
he may tequir® by purchase. • 

Green oxide of 'coppey is usually employed dor the 
production of a green colour. On precipitating in dif- 
ferent vessels, hy« means of potass, solutions of copper 
which are equally puretand concentrated, it is percep- 
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tible that the precipitate is formed more ^ickly in so^e 
vessels than in others ; and if these different products 
are separately collected^ those 'which are most promptly 
formed arc> when dried^ o( a fine bright green^ and pro- 
duce a corresponding colouf on porcelain ; while those pre- 
cipitates which deposited more^ slowly, form earthy 
and less dense partioicA of a much darker hue, and which, 
when aj)plied to porcelain, yftdd a less pleasing colour, * 
and pass sometimes ^o black* duriflg the baking. 4f, 
however, the precipitated oxide is previoiisly fused witii 
its flux, this change need not JbC appr^iended. Very 
pure oxide of cdjiper is frequer^tly procured by placing 
sheets of the metM in oven wherein *the ware is 
glazed. Mixtures of yellow and blue are son^times 
used in tlie composition of p;iieen colours ; some of these 
will not exist in the heat of a pqfcelain furnaesfe. Va^ 
rious shades of beautiful green may be obtained, by 
mixing, in different proportions, Prussian blue with* 
the chromate of lead already described. A mixture of 
the oxides of cobalt and nickel, will resist a very in- 
tense heat, but docs not produce a genuine green : it is 
rather an olive colour. • 

Oxide of chromium gives a beautiful green colour, 
which is indestructible in the lt^a{ of a porcelain furnace. 
That class of green colours, called celestial blues, can 
only be applied, ac^ordmg to Brongniart, on tender 
wares : being partly Composed of potass, they scale off 
from hard porcelain. • • 

Different shade? of light and.of deep rich bjown are 
obtained from mixtujes of the o^des of iron. These 
jpust be fuseil with thin flux before they are used, after 
which fusion thejr d§ not uiidergo any change on the, 
appficatfbn of heat. Russet grounds, known under the. 
designg/;ion of tortoise-shell, are produced in this*man« 
ner. Frfe}>ar is en^jdoyed as a flux with theses* cqjours. 

These is not any metallic o^ide which alone will give 
a good black. Oxide of manganese .approaches the 
nearest to it. The black oxule of yon yields a very 
dull*colour, which sometimes changes to red. The co« 

< 3.3 • 
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lOiir-makers tnerefore unite several oxides together, and 
thence obtain a very beautiful black. The oxides thus 
combined are of manganese, the biown oxide of copper, 
and a small proportion of die oxide of cobalt. A grey 
colour is obtained by omitting the copper, and increasing 
the proportionate q^jiantity of the fluv- 

Cobaltj^ oxide of copper, and umber, in equal parts, 
reduced together to an impalpable powder in an agate 
mortar, prove a very good blacky Tliis must be used 
with three times its weight of flux. Another black is 
composed of four part^ oxide of copper, one part of 
smalt, and one part of Jilack oxide cf iron, which, like 
die former compound, must l;^.7‘ubbbd together to a fine 
powfker, and used with three parts of flux. 

In the ^'Ahnales de Chimie et de Physique,” (Vol. 20. 
*1822,) directions ar^ given for the preparation of a 
beautiful black enamel, the verification of which on the 
}>art of our porcelain manufacturers is perhaps desirable. 
The experiment necessary for this purpose might have 
been somewhat simplified, if the artist by whom the 
directions are communicated had stated the proportions 
wherein the ingredients should be brought together. 
The formula directs that chloride of platina, dissolved in 
.water, should ‘be mix^ with nitrate j)f mercury. By 
then subjecting the precipitate which will be formed to 
a heat just sufficient to volatilise the projbo-chloride of 
' mercury, a black powder wD be'^btained. This is the 
enamel, which must be appliedJn the usual manner, in 
combination with a flui^ing material. ' 

M. de Montamy in his treatisCy^ to which allusion has 
already been made, gives a recipe for composing a pune 
^ white colour, wliich,is found ye-y aerviceahle by ihe 
, French* artists in forming their series of shades, as well 
as in- the composition of t^lose parts of their , designs 
which '‘equire^ to be represented in a brilliimt white. 
This colour is coniposed of one part of virgin (in, and 
two parts of common salt. The latter must be tho- 
roughly purified,, by first dissolving it in distilled water, 
then filtering the solution through paper, and afterwards 



OHAP. VI. APPLYING CifLOURS ^ND ENGItA VINOS. 87 

evaporating it to dryness over the fire<n a porcelain 
capsule. The salt^ which is^ by this means^ made ex- 
tremely white, must be further exposed to heat in a 
crucible, until all decrepit^adng noise has ceased. The 
purification will be yet irfore perfect, if, after filtering 
it, the solution ^is;. partially evaporated, and tiieiT placed 
in a cool situation to* crystallise slowly. Those artists 
who are the most particulaf in their processes, select* 
preferably from 'the j^est such cry^als as take the form 
of cubes. The next parf of the processf is to plade a 
crucible on the fire, well covered, to prevent the entrance 
of smoke or ashbs« When this crucible is at a red heat, 
die tin is introduced, is left until it* is not only 
fused, but red hot, at which time the purified ^alt is 
added in the proportion fl]j^eady mentioned. Taking 
then a clean iron spatula, the end pf which mus^ be presr 
viously heated, the mixture is stirred until the sub- 
stances are well incorporated together. The crucible* 
being then again covered, is to be surrodnded with 
burning charcoal, and from time to time, the spatula, 
which must be always perfeedy clean and hot, should 
be introduced to agitate the mas^ When the end of 
this spatula, in being tempered by the heat of the cru- 
cible, begins to ^row white, il^ is a sign that the calcin- 
ation is carried sufficiently far, and that the crucible 
should be reqioved from the fire ; the calcination usually 
occupies an hour for' its^ completion. The compound 
should next be bruised jn a morfar of glass or of agate, 
and again placcd^in a crucible which is set fii the midst 
of burning coals and^covered with a mufile. TThe heat 
^is then raised gradually, and continued during three 
hours, when, on remaving t^e crucible from the fire, the 
colwr Is found % be "hard, and requires some force to 
detacli^it from the vessel, ^his done, it must be paunded 
in a mortar, and Vi^ashed in hot wateiT t^jat ha^been fil- 
tered pr distilled, and fresh portions of water added, 
until the fluid has no longer any taste of salt. The 
white colour is afterwards to he boiled \lolently with an 
abundance of water in an eaj^enware ^Vessel for two 
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hours, supplying hot water during diat time to replace 
t£e portion that is evaporated. When the supernatant 
water has become dear by standing, it must poured 
off carefully. 

This white may be advantageously employed in paint- 
ing with oil, as it mixes well with ‘When used on 
porcelain, it must be mixed with -tiHree times its weight 
of flux. The preparation cf this colour will not succeed 
unless the tin is extierndy pure, rad ii; is essential that 
the nicest possible degree of cleanliness should be ob- 
served diroughput the operations. 

By -making different mixtures of the various colours 
here described, every hue thjst^.can be desired may be 
obtaingd. It is not, however, so easy, as without du(; 
consideration it might appear, to produce these various 
shades. ^ Great judgment in selection of materials^ 
carefulness in their preparadon, and knowledge as to the 
relative proportions wherein they should be brought to- 
gether, are essendal to success; and an acquaintance 
with the science of chemistry is highly desirable. There 
are some colours which, if mixed, would mutually de- 
stroy each other, andi on the exposure of metallic oxides 
to heat, changes ensue, which result not from the n future 
and hbbitudes of the coloars Uiemselvcs, but rather from 
the influence of the bodies to which they arc applied. 

It would be scarcely possible to treat satisfactorily 
upon the inciting causes of ?11 these variations, a full 
knowledge of which car result done from the practical 
experience of the artist £Oid manufactiirer. 

Many potters do not prepare their own enamel colours, 
but purchase what they require from persons who manur 
facture them for sale.- Soipe of these preparations, are 
exceedingly costly, and as the tempta^on to adulterate 
them is consequently great, die potter should haye good 
reason tO(»rely o,n the probity of the,tolour-matcer with 
whom he deals. A fraudulent mixture, the deteotion of 
which would bq impossible before its use, except by 
means of a chemiqal analysis, might be the occasion, in 
its results, of severe loss /ind disappointment. With the 
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exception of the great works at Sevres^ this system of 
purchasing their enamel colotirs has^ for many years pas^ 
been very general among the potters of France. In a 
report made to the French government, by a commission 
appointed in 1819, to ex&mine into the progress of 
manufacturing industry in that country, occasidh t^s 
taken for ofibring ooifgratulations upon this establish- 
ment of an independent occuiAtion, as markhigf the great • 
extension of the porcelain manufacture, and as offering 
to the artist means of obtmning every shjfde of colofir, 
prepared by persons whose interest is involved in ascer- 
taining their efiPdbts when submitted to the heat of the 
furnace, thus rem(Wing ^ uncertainty froift the oper- 
ations of the painter, and rendering it unnecessary for 
him to suspend his work tliaf may preparS his cmours. 

The gold used in gilding porcelain is applied in 
metallic state. To prepare it for this purpose, it is dis- 
solved in aqua regia, and the acid being afterwards dis- * 
sipated by the application of heat, the gold Hmains in 
tlie state of powder at the bottom of the vessel. This 
powder must be mixed with borax and gum water as a 
vehicle for causing it to flow fron^ the pencil and fix 
upon the wares; which being then baked, the gilding * 
appears void of lustre, and requires to* be after f^aids 
burnished with either agate or bl^d-stone. 

Gobi and ^silver lustre-^ware is commonly of an in- 
ferior quality. The^met%Uic oxides used for covering 
these vessels arc intiin^ely mix^d with some essential 
oil, and then bruftied entirely over their surfhees. The 
heat of the enamellin^oven, which dissipates th^ oxygen, 
j’estores the oxides to their metallic state, but with some 
diininution of brilliancy. The oxiefb of platinum is 
useSl for making %iilver-lustre. * 

Colours, when they ar# required for use, sboi^d be' 
first pounded quiddy in a mortar made of eitligr agate, 
porceh^D, or glass, with a pestle of •the same ina!eria], 
and covered to prevent tlie acCess of dust. They must 
be afterwards ground on a glared palette, firmly bedded 
iu plaster on a wooden frame, and peAecdy leveL Thb 
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artist who cllL'corates porcelain is required to rub his 
colours with as much nicety as is used by miniature 
painters^ so that there must not remain the least per- 
ceptible roughness^ either uiifler the rauller, or between 
the fingers. The requisite ‘proportions of volatile oil 
aivd of flux are added and ground v^itli the colours on 
the palette^ the whole having lA:en carefully weighed 

* before their union. The* general rule is to put five 

parts of flux to two' parts of colouring 'matter, but some 
colours, as already mentioned, require more, while with 
others this prgportroii would be too great. Smalt re- 
quires to have combine^ with it only^half the sum of its 
own weight. ^ 

Tl|e artist must he attentive to grind his colours with 
the smallest" quantity of ipil that will suffice ; if this 
"^ould <be in excess, |t may in evaporating leave spaces 
between the particles of colour, and the subject would 

* appear ver^ imperfectly executed. The fluidity of the 
mixture should be kept at tliat exact point which enables 
the artist to produce the finest strokes with clearness and 
facility. 

Before the pieces^ which have been painted are baked 
in the enamelling-kiln, it is necessary to dry tlie colours 
by evaporating the oil used with them as the vehicle. 

Every considerable iK>ttery has enamelling-kiliis of 
various sizes. These are in form like a chf^nist’s muffle, 
from about six to ten feet Icing, and from three to five 
feet wide. The articles are pi];id in the kiln until it is 
filled, when the mouth ]being closed, lire is applied, and 
continued for about ei^ht or ten hours, at the end of which 
time the colours found to be burnt into the glaz^ 
^ In piling the pieces in tbp kiln care must he used* to 
avoid the placing of any one piece upon the giit border 
of another. The muffle is provided wit|i trials pieces, 
which can be .extracted from time. to time during the 
baking, and which will indicate the general state of the 
contents of the kiln, so as to govern the continuance of 
the operation. No dela^ should occur between the sufli. 
meat baking' of the colojirs, and the withdrawing of the 
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fire, as their brilliaDcy would be injured^by its longer 
continuance. The contents of the kiln are left undiiJ^ 

• 7 . 



turbed until they are cool^ and are then withdrawn. All 
impure exhalations are prejudicial to the beauty of oo. * 
lours, and every substance whence they can arise should, 
as far as possible, be kept away from the kiln during the 
process. 

Gilding on porcelain or on glass is p«»rfonned either 
with or without the addition of a fluxing material, the 
gold being mad<^ to adhere iff tjie surf&e by the inci- 
pient fusion of either the glazing on the porcelain, or of 
the surface of the gl^s, or of the flux employed. 

Gold is used for this purpose sometimes in the fbrm 
of leaf gold, and at othrr times dn that of powder, pre- 
})arcd either mecfianically, or by chemical precipitation. 
When the first of tbese two methods is employed, leaf 
*gold must be ground with honey or yrith gum-water of 
an^equal consistence^; the Jioney or gum being after-^ 
wards Vrashed away, the ^old may be kept for use in 
paper p^in shells, and the use of thege latter recipients 
has occasioned this.powder to be known pmongdartists as 
shell gold.** Tins preciousjnetal "is precipitated from 
its solution in aqua regia, by adding ^ it a watery di- 
lution uf g»-een vitriol (proto-fiilphatg of iron) or stri^ 
of metallic copper. Gold powjler may likewise be oh« 
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tained from t&e same solution by distilling it to dryness ; 
{kut 'this process is not so convenient as precipitation. 
The powder has also been procured by first forming an 
amalgam of tlie metal with mercury^ and then evapor- 
ating tlie latter ; but be6iclc£( being expensive^ the fumes 
of mei‘cury are found to be extremely prejudicial to the 
health of the operators. * 

• When* gold powder is ^sed, it must be mixed with 
g?im- water as a vehicle. « Where it is intended to apply 
le^f gold wit'hout any fluxing material to the body of 
the wares, these should be moistened in the requisite 
parts ^ with a weak solution of gum-ar<fi)ic, which must 
afterwards be allowed to dry. When the gold is ap- 
pliedj, the porcelain or glass may be made sufficiently 
adhesive by 'breathing on J.. If a flux is employed it 

o*should^ after being rubbed very fine with a muller, be 
diluted with weak gum-water, and very thinly spread 
" over the parts which it is designed to ornament ; when 
very nearly dry, the leaf gold is laid upon it. 

Japanner's gold size, moistened to the requisite de- 
gree with oil of turpentine, is sometimes employed. 
Waiting then until the size is so far dried as to be only 
' clammy to the touch, the gold leaf is laid on with cotton 
woolr As soon* as the gokl is applied, the ware is placed 
ill an oven or muffle, that it may be burnt on. 

Some old authors direct the artist to fuse gold with 
regulus of antimony, to pulverise tile mass, and to spread 
the powder upon the parts to, be gilded, exposing the 
w'are afterwards to such a heat as wilr suffice to evapor- 
ate the Antimony while the gold remains fixed. This 
method of«procecding is objectionable, from the almost 
impossibility of spreading the porder in a sufficiently 

• uniform manner, besides w'hich, part' of the gold will 
'also be carried off, and some descriptions of glass are 
even fusible with the degree of heat mecessary for per- 
fecting the proccssj 

Circular gold lines are frequently described on small 
articles, such as cups, taucers, and plates. To assist 
him in tracihg these with accuracy, the artist employs a 
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portable horizontal wheels the height of ^hich may 
adjusted at pleasure^ according as the nature of the work 
requires it to be performed in a standing or a sittin^^ 
ji^fure. The lower part^of tliis wheel is somewhat 
similar to the leg and feet of a claw table^ the Irg being 
bored out for the reception of a stoi^t metaUic wire^ the 
altitude of which is tegulated by means of a thumb 
screw. • 

The upper or moveable gart^of the wheel has a li|^ 

JTig. 8. I 



Fig, 9, 



tubular cavity in its vertical part, 
by means of vrhich it is dropt on 
A) the upright wire, as shown by 
the clotted lines, and is made to 
rest upon a shoulder fixed on the 
ivire, so that the wheel fhay be 
rdade to turn* truly upon this as 
4s axis : the whofe is surmounted 
by a hoifzontal table. 

In proceeding to use this Qia« 
chine, the artist places hi^ feet 
“firmly upon the base of the whSel, 
and fixing* the article to be orna- 
mented upi»n the tAilc, he causes 
the revolution of Ithe ^vheel with 
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Ms left hand/and holding his brush steadily in the othcr^ 
describes the circles vvith the utmost facility and ac- 
curacy. 

Burnishing^ which is the^ last process performed in 
the manufacture of ornamented porcelain^ is usually in- 
trhsted to female hmds. The implements required for 
this purpose are, a burnisher ot agate or blood-stone, 
some white lead, a piece* of sheepskin for wiping the 
W^re, and sopie vinegar. ** As ex^^'-eme cleanliness is in- 
dispensable, the person engaged in burnishing docs not 
even touch either the porcelain or her implements, but 
interposes lietween tliem and her haiUls a piece of clean 
wdiite linen. The agate bundsher^’ should be applied 
lightly on tl;^e gilding, following all tlie ornaments, and 
never i-ubbing in cross dir'ections, lest the gilding should 
appear scratched. After having rubbed die gilding for 
some time, a litde vinegar or white lead should be ap- 
plied to cleanse the surface. This being removed with 
a soft linen rag, the buniishing is re-commenced, and 
continued until the gilding throughout assumes a satis- 
factory appearance. 

It will be remembered, that in the preceding descrip- 
tion of the colours used in painting porcelain, several 
were mentioned as being unable to support the heat of 
the gloss-oven. Others^ however, have not this disad- 
vantage, and will bear the highe::t temperature without 
injury. Where colours arc applied directly on the 
biscuit, no oil is evei ground with ^Acm, hut they are 
mixetl v/ith water only, and the glaze may he added 
without any intervening application of heat. The tem- 
perature of the eiaamel-kiln is usually about six deg-ees 
of Wedge wood's pyrometer, answering to 185J dt?grees 
‘ of Fahrenheit's scale. 

In the year 1*3 lY, the Society fo:^ the encopragement 
of Arts, &c., awarded a premium to Mr. R. Wynn, for 
a list of receipts comiminicated by him, for ‘the pre- 
paration of enamel colqprs and fluxes. A copy of Mr. 
"Wynn’s parer w inserted in tlie S5th volume of the 
Transactions of that Society. 
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The fluxes are^ No, 1, Red lead . • . 8 parts. 

Calcined borax • . * 

^ Flint powder . . 2 

Flint glass . . . 6 

No. 2. Flint glass . , . 10 

• White arsenic . , 1 • 

, • Nitre. . 1 

No, 3, Red lead . . . 

Flin^ glass ... 3 

Ndf 4. Red lead . • 1- - 9^ 

Borax^ not calcined 5^ 

• ^ Flint ^lass . * . . 8 • 

yo. 5. Flint glass , . •. 6 

* flux. No. 2. . . . 4 ^ 

Rt^ lead . . • . 8 * 

The ingredients forming each of these fluxes are^melted** 
together, and the compounds are then finely pounded for 
use. ' 


The recipes for colours are as follows: — 

Yellow. Red lead ... 8 parts. 

Oxide of antimony 1 
White oxide of tin 1 • 

Mix the ingredients well in a biscuit- wa^e mortar^i and 
having put them an a piece of l)utch tile in the muffle, 
make it gradually red-hot, and suffer it to cool. Tctke 
of this mixture, 1 parti$ of flux. No. 4. 1 Grind them 
in water for use. By va^ing the proportion of red- 
lead and antimony, difiBrent shades of colour may be 
obtained. • • 


Orange. Red lead . • . . 12 parts. 

- Red sulphajf of iron 1 * 

• ^ Oxide oi antimony*. 4 

Flint powder , 3 ^ ' 

after caleming nhes^ without melting, Rise onejiart of 
the compound with 2^ parts of flux. , * * 

Dark-red. Sulphate ut iron, calcined dark . 1 part. 
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JJght^red. Red h^phate of iron^ 1 part. 

Flux, No. 1. . . 3 

White lead • . . ] ^ 

Brown. IVIanganebe • • . 

Red lead • • • - 8^ 

, Flint powder , . 4 

The style of deviation desciihfd in the precedin'^ 
pages of this chapter, is ir a great measure confined to 
the most costly descriptions of porcelain. Wares which 
are fitted by, tlicir price fof being brought into more 
general use, undergo c, different kind of embellishment. 
A gr‘»at vaiiety of neatly executed patterns aic trans- 
ferred to chur surfaces from impressions pieviously 
printed on paper. Before tlie’ introduction of this style 
of ornamenf, table services of home manufacture were 
-either ooinposcd of plain Qucen*s-ware, with occasionally 
a coloured edge ; or at best were furnished with a painted 
border, which displayed but little taste in its conceptipn, 
or ability in its execution. This modern improvement 
has added materially to the decent comforts of the middle 
classes in England, and has more than any other cir- 
cumstance 'tontributed to the great extension of our trade 
in earthenware with the continent of Europe. "When 
first invented, and for some time afterwards, the designs 
employed were only imitations of fibres and objects 
seen on old blue China porcelain ; but a better taste has 
since prevailed, and artists emplo]^ed in the composition 
of patterns no longer think it necessary to outrage truth 
in their representations. Landscapes and figures, in 
confonnity witli the simplicity of nature, and exhibiting 
a considerable de|pre^ of taste, are now so common, that 
this new advantage derived fronr the piinting-preso 
enjoyed withou|lWm attention of commanding ac- 
kr.ovledginej4*,<*^,^ 

The printed dcsigns'to earthen 

vessels is thl»S|iltrsued. The landscape or pattern is 
engraved upon copper, and the colour, which is mixed 
with boiled linseed oil, is laid on the plate in the same 
manner as inx is usually applied by copper-plate printers. 
To increase the fluidity of the oil, die plate is then tem- 
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porarily placed in a btove, a sheet of dani]1le(l tissue pap^ 
is laid on it^ and both are passed in the ordinary manner 
tlirough the press, ffhe paper, wet with tlie colour, is 
then delivered to a girl, vrho reduces its size by cutting 
away the blank portion surrounding the pattern, and 
passes it to another girl, by whopi the impression is 
applied lightly to the Varc when in the state of bisc'iit. 
A third girl is next employed,*who with a piec^ of woollen * 
clodi, rolled tightly the foitn of a cylinder, rubs the 
paper closely against the piece, in orden to press the 
colour sufficiently into its subsjahee. Xhe paper thus 
rubbed is left adhering to the iqfticle for an hour,* when 
both are placed in A cistgr^ of water, so that the paper 
becomes soft enough to be peeled off without vi^ence, 
having transferred to the biSouit the impres^on which it 
liad received from the copper-plate, • ** 

When the pieces thus printed have stood a sufficiently 
long time to become dry, they are placed in an oven, to 
which a gentle heat is applied, in order, by*dissipating 
the oil, to prepare the wares for receiving the glaze. 
This IS, of course, completely transparent, as otherwise 
the distinctness of the pattern would be imp^red. 

h\>i a long time blue, produced from tlic oxide of 
cobalt, was the only colour employed ; but, of late, the 
potters have extended to this ]>leasing branch of tiieir 
art all the colpurs on their palette. 

The glaze on printed g»)ods is vitrified in the gloss- 
oven in the manner already desciabed. 

The French pAtters emidoy^a different method for 
transferring engraved jiatterns. They cast a sheet of 
|ine glue, about a quarter of an inch ^hick, and dJuted 
while warm to such degree^ that w]tN||i cool it shall be ^ 
j)erfectl)P flexible,* and have the cputtlHtel^ce of leather.. 
This glue being applied upAi the presse(>with 

the hand^ receives il^e colours acco4fa^^itl> tlie^pattem, 
which it gives back to ihe surface of vessel to which 
it may be applied. Two impressions rq^y generally be 
given in this manner without ft fresh^appli cation of th^ 
glue to the plate. After the sc^iid has been impressed, 
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(he surface of the glue is cleaned carefully with water 
applied by a soft brushy and serves again as before. 

The decoration of earthenware by means of engravings 
is of much more recent adoption in France than in Lng. 
land^ — not having been used in the former country until 
about the year 1805. 

In the report made by the Committee appointed to 
' examine ftito the progress ^)f the arts and manufactures 
IIP France, as exemiJlilied®by specimens exhibited at the 
Louvre in ltfl9, and to which report allusion has already 
been mAde in ^his Ch^pter^ attention is drawn to a cu- 
rious ^process, whereby \ porcelain ^nTiYinufacturer was 
enabled, oii' being furnished, with an engraved copper- 
plate,^ to produce impressions on any scale that might be 
required, whether larger smaller than the original. 
•Tor thk purpose no second plate of copper was needed ; 
and the enlarged or diminished copies might be furnished 
"" in the course of a very few hours. It is to be regretted 
tliat no description was given of the means employed for 
effecting this curious process ; but the Committee, who 
personally witnessed its execution, expressed themselves 
perfectly sitisfied qs to its efficiency, and awarded an 
honorary gold medal to the inventor.* 


Ann. de Chiiou et dc Phys. tom. lIiL p. 
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CHAP. VII. 

. • 

ON THE UANUFAGTU^E OF TOBACCO VfPBS. • 

THIS MANUFACTURE I^LosEOUTED TO A GREAV EXTENT. — • DE- 
SCRimON OF MATERIAL. ROLLING. BOEING, -j- MOULD- 
ING. POLISHING. RAKING. —• DESCRIPTION OF KILN OF 

CRUCIBLES. MANUFACTURE IN HOLLAND. ORlCnNALLT | 


The manufacture of tobaSoo pipes forms* a branch of 
the potter’s art, which has acqiiired considei%hle im- 
portance from the extent to which it is prosecuted ; and 
it is at the same time interesting from the nature of the* 
processes employed. A short account of* these will, 
therefore, not be tliought misplaced in this treatise. 

The clay chiefly employed for the purpose is found 
in the island of Purheck, in Dorsetshire, and is preferred 
on account of its extreme whiteness. Previously to* 
being used, it ^ust he diligcftitly purifihd from ex- 
traneous matters. The means employed for this laiter 
purpose, beipg the s^mc as have already been described, 
their recital may be omitted here. 

When the purificati#n is acQpmplishcd, and tlie clay 
has been form dll into cubical masses, weighing each 
from eighty to one Imndred pounds, the workfnan from 
. time to time cuts off small portion^, each sufficient to 
form one pipe, and, first kngading them thoroughly upon 
a tabl^, rolls tliem out to nearly the form and size 
pipes, Jeaving a huh at tlfb end for formation»of the 
howl, ^n this o|)^ation, the skill ial ^e mai4 is made 
apparent by the near approac|i whidi this roll mi^es to 
the dimensions actually required. Persons who have 
had a competent experience Will su(xeed in this respect 
to such a point as completely t^ flU me iflould, to which 
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tl^e rolls musf afterwards be transferred^ leaving but 
little surplus clay to clip away. 


Fig^ 10 . 



o 

When the rolls have been forftiad for a short timCj, 
*and by thkt hDeans have become sufficiently hardened^ 
the workman proceeds to bore th^stem by introducing 
an iron needle! This part of* the manufacture calls for 



a great deal of address^ and can only be satisfactorily 
jjccomplished after long pra;^tice. In performing it, the 
roll is taken betweei. two fingers, which follow the 
point of the needle in its course through the whole 
length of the stem. Near to its point the needle has a 
circular enlargement, the progress of which may be felt 
through the substance of the clay ; and thus the execu- 
tion of the task is somewhat facilitated. The bore 
must be made as exactly as possible in the axis of the 
stem ; and, in forming it, the needle must be pushed 
forward by means of its wooden handue, with a gentle 
and equable pressure. The part which is to form the 
head or bowl of the pipe is then ,bcnt so as to give it 
the proper inclination. 

The mould, into which the Siem is next placed, is of 
copper, and divided into two similar narts. On being put 


Fig. 12. 



to use, the whole interior surface of both sections must 
be slightly touched witli a brush containing some very 
limpid oil, that the stepa may be afterwards delivered 
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from it without difficulty. The roll of clay being plact?tl 
in one section, the other is fitted to it according to 
marks previously mftde, so as to ensure the perfect cor- 
respondence of the two p%rts. The mould is then sub- 
jected to the action of a small iron press, in which the 
two parts are force<J together h^ means of nuts and 
screws ; and by this means its exterior fo^, with all. 
its ornaments, is at once given to ,t|ic pipe. 

The head or bowlihas ^et*to be fashioned. This is 
in part effected by the fore -finger, and fnore perfectly 
thereafter by n^ans of a stamp or form* attached to the 
mould, and whicR by the action of a lever w introduced * 
within the hollow whieli*the finger has made for the 
purpose. The bore of th^ stem is then c^ntinuid into 
the bowl, by pushing the needle up to its handle ; anj^ 
excessive quantity of clay that irjlhy have been used is 
next cut away, and the pipe is smoothed by means o£i 
an iron or copper blade. • 

The pipes as they are formed are spread out and 
arranged upon a board, that they may he still further 
dried ; and when they have acquired a certain consist- 
ence, any roughnesses tliat may aP{>pear upon die bowl • 
are rubbed away with an appropriate horn instrument, 
which is provided with a groove, of which the work: nan 
avails himself to perfect the circular form and to smooth 
the edge of the bowl# 

After this the pipes a^ placed a second time in the 
moulds, that anv impA-fection^ which they have ac- 
quired in their ^ape may be remedied ; anciU they are 
then left until sufficiantly hardened to receive the last 
•polish, which is given by rubbing* them with flints 
bored with holesp some of \thich are of the same dia-* 
meter as the stem, while ot|^ers will admit the head of thcf 
pipe. •If it shoul(^ then appear necessary, the woAcman 
retouches the diffeitnt ornaments qn the pipe With a 
kind of bodkin, and the needle is withdrawn from the 
stem. ^ • 

These various operations, which beA: am appearance oif 
complexity in the narration, ^ yet so easy of accom- 
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plishment^ that a clever moulder will furnish 3500 pipes 
in a week. 

The kiln used for baking the pipes is cylindrical; 
having a circular fireplace a*, its bottom. With the 


Fig. 13 . . 



exception of the spaces required for the circulation of 
heated air, the interior of the kiln is occupied by cruci- 
blesj wherein the pi\)es are placed. These crucibles, 
which are made very thin, are composed of the same 
clay as the pipes, and are strengthened«^by the insertion 
of broken pipe-stems. The bottoms are framed of these 
stems, radiating towards the cen^.re, and* having tlie 
interstices plastered with pipe clay. The top of each is 
dome-shaped ; and a j^illar of' clay is placed in the 
centre tiirough the whole altitude, which serves at once 
to strengthen the crucible, and to support the stems of 
the pipes. The side of the crucible is provided with 
six horizontal ledges, proceeding at equal distances all 
lound, and upon these the bowls of the pipes are ar- 
ranged, while the stems are made tu lean ag-inst the 
central pillar. "The crucible is capable of containing in 
these six divisions fifty gross of pipes ; and, if the heat 
of the furnace is properly managed, these will be suffi- 
ciently baked Cn s^ven or eight hours. 
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Fig. 14. 



The property possessed by tobacco pipes of adWesive- 
ness to the tongue, is owing to the great affinity which 
the clay has for water : this quality is much increased 
by the baking procesS. ^ 

The manufacture of^tobacco .pipes is prosecuted to 
a very consideraible extent in Holland, whence large 
quantities have long been exported annually. • For the 
introduction of this art the Butch are indebted to this 
country ; in proof o# which assertion, Mr. Hollis, who 
pasSed through tlTe Netherlands in 174*«, mentions that,* 
having visited very cxtcns#ve pij)e-works at Goi^a, he 
was infefmed*by the master of it, that even to, that day 
their principal working tools bore English names/ 
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CHAP. VlII. 

• • 

ON THE PORCELAIN MANUFACITJJRE OF CHINA. 

# € 

OB^CUlllTT WUEREIK ffS ORIGIN IS SlIKOU DEI). <— CHIEFLY 
HIACTISED A’B KING-TE-CHINO.* — Sin'PUSEU .SUPf:UIORITY OF 

OLD CHINA l^ARE. ^ATERIALS EMPLOYED. KAO-LIN 

PE-TON-TSE VHEIR PREPARATION. OILS^ Oil VARNISHES 

THEIK COMPOSITION. U^O-CHE ITS sfiPEllJOHITT TO KAO- 

LIN. — AnSClYSIS OP KAO-LlN.^-y EXTl^T OP FACTORIES AT 

. X1NG-TE-CHIN6. GREAT NUMBER OP WORKMEN EMPLOYED. 

— — pAePARAVION OF MATERIAC.S. •— METHOD OF FASHIONING 

^ UTENSILS. — MOULDS. DIvfsiON OP LABOUR. DEFICIENCY 

OF Cllf^FSE IN THE «ART OF DESIGN. THEIR EXCELLENT 

COLOURS. NUMEROUS HANDS EMPLOYED IN DECORATING 

' EACH PIECE. BAD EFFICCT OF THIS SYSTEM. — BLUE LONG 

THE ONLY COLOUR USED FOR PAINTING CHINA WARE. MODF 

OF PREPARING VARIOUS COLOURS, — CHINESE IGNORANT OF 

CHEMICAL SCIENCE. UMIAM. TSOU-TCHI. KIA-TSING 

METHOD OF FORMING IT. CHINESE FURNACES. PASSION 

FOR OLD PORCELAIN.# — KU-TONG. MUCK ANTIQUES. REA- 

• SONS FOR COSTLINESS OF CHINA WARE IN EUROPE. HIGH 

rKlAr.S FORMERLY PAID 1!«| CHINA. FINEST SPECIMENS NOT 

BROUGHT TO EUROPE. PORCELAIN TOWpAi AT NAN-KiNll, 

CHINESE POTTERS PREPARE MATERIALS FOR THE USE OF THEIK 

DESCENDANTS. COMMON WARES MAl^ IN CHINA. ATTEMPT 

OF THE EMPEROR TO TRANSFER AlE MANUFACTURE TO PEKIN. 

HIS WANT or SUCCESS,^ 

• 

No success lias attended any efforts^ that have been made 
to discover the or\t;in of the art of makinp^ porcelain., 
in China, and the date' of ^ts invAition remains veHed 
in obscurity. The most that is known on thfs head 
is gathered from the writteif annals of Fcou-doang, a 
city belonging Jo* the same district, fif the empire as 
King-te-ching, wharein ij is recorded that, from the 
time answering to the year 442 of the Christian era, 
the last-mentioned^ place* has enjoyed the honour of 
supplying the%nperial court with porcelain, and that 
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one or two mandarins have usually been deputed fron^ 
Pekin to inspect this part of the workman’s labours. 
The invention of the art would assuredly date from 
a much earlier period than tliat here mentioned; as 
it would be long ere the Manufacture arrived at such 
a state of perfection as to render it jin object of interest 
to the court. • • 

It is a very common opinion in Chinaj'that the • 
porcelain ware made ^y their mnee^rs was superior in 
quality to any more recentfy manufactured* This belief 
is grounded on the fact, that j[>ihces oi^ porcelain are 
freijuently dug Tt^m the earthy which are uniformly 
found to be of thewory £^est description. It has been 
remarked, that this fact is not by any means con<Jusive ^ 
evidence upon the subject ; Ihe buried pieces were most 
probably concealed, during periods^of civil comtnotion/* 
on account of their value, and in order to preserve 
them for their owners, who were without an equal 
inducement to bury articles of more commoit use. An 
opinion likewise prevails, and is supported by reference 
to the same fact, that the quality of porcelain vessels 
is improved in beauty by a Icngth^ed burying in the 
earth ; and the same* answer has been applied to this as 
to the first-mentioned assertiom 

The Chinese employ in the composition of <heir 
porcelain two.kinds of earths, and two oils or varnishes. 
Of the earths one, which is called kao-lin, is found 
intermixed with particles of a, shining substance re- 
sembling mica ; Wie otlier is known by the name of 
pe-tun-tse, and is of a brilliant white, exceediihgly fine 
jn its grain, and soft to the touch.. Both these de- 
selections of earths •arc foynd in mines or quarries ^ 
8ituatcd*between twenty and thirty leagues from King-^ 
te-tcliiq^ to ^which place® tlicy are brought in tfmall 
vessels, which arc 'continually passing uq and down die 
river of Jao-tcheou for that jiyrposer The har<l blocks 
of pe-tun-tse are cut from the quarry in the form and 
about the size of our bricks, ^nd aif brought in thij 
state to King-te-tching. The^first preparation which 
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4l3ie6e lumps u\idergo^ is that of breaking and pounding 
them coarsely 'with iron mallets^ and afterwards more 
completely in mortars with pestles^ wrought either by 
the hand or by a water.wheel. By this means the 
blocks of pe-tun-tse are reauced to an almost impal- 
pable powder^ which is thrown into an urn-shaped 
vessel neuly filled with water^ and^'then stirred briskly 

* aboutj that the particles ml^y be intimately mixed with 
thfc water. When this ifiixjpg hi'.s been effected, and 
the fluid has teen left during a short time to repose, a 
white creamy substance* forms upon the surface, to the 

• depth’ of t^o or three ijnehes: this, being skimmed off, 
is transferred to another vassd, sflpplied with clear 
water 4 The fluid remainiiyg in the first vessel is then 
again stirred up ; another •portion forms upon the sur- 
*^ace, which in its turn is removed, and added to the 
^ first skimming ; and this process is continued as long 

as any creamy substance can be collected from the sur- 
face. What remains in the urn-shaped vessel has not 
been sufficiently ground ; and, being collected from the 
bottom, must be again submitted to the process of 
^ grinding. r 

Tl^e skimmings are left to settle in the second vessel, 
until the solid portion *has subsidet}^ to the bottom, 
leaving the supernatant water perfectly clear : this is 
tlien poured off ; the sediment is y-ansterred to moulds, 
wherein it remains until neaiiy dry ; and the cakes are 
then taken, out and ait into square ^lieces of the size 
most coi^venient for usp. The pc-tun-tse is then in 
a fit state for combination with kap-lin ; and the squares 
are sold by the hundred to the porcelain makers. It 
*is not often that the inaimfacturl;r ^an venture qpon 
.using this material in the state wherein he buys*^ it ; the 
men •Ivho have Ijeen previously employed in pi;eparing 
the cakes, moat generally mix in the squares as large 
a portion of foreif^ matter as they expect will escape 
detection : a separation of these previously to the em- 
ployment of Qarth becomes, therefore, needful. 

A similar process is « followed in the preparation of 
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Icao-lin ; but this substance being much liss hard than # 
pe-tun-tse^ less labour is required for its performance. 

The two substances described as oil or varnish a.e 
procured^ one from a coml^nation of pe-tun-tse with 
another mineral substance^ and the other from lime. In 
the preparation of the first of these^ fjpch stones are pre- 
ferably selected as have the whitest appearance.^ These 
undergo the same processes of grinding and washing as 
have already been des«;ribe||l ; •except that the creamy 
substance^ when it has subsided in the secomd vessel^ is 
not all put into moulds^ but only the upper and finer 
stratum is gathereef for tlie preparation of this vailiish. 
To each one hundred pounck of the substance thus sepa- 
rated one pound of a mineral called she-kao. which is a 
kind of gypsum^ is added. 'IThis stone^ whicti resembles 
alum in its appearance, is first raised in a furnafte to a ^ 
red heat ; and then reduced, by pounding and rubbing 
in a mortar, to a very fine powder ; in which state 
its union with the purified pe-tun«se is effected, the con- 
sistence of the compound being perfectly fluid. • 

The preparation of what is called oil of limey the 
fourtli ingredient required, is thus managed • — Lumps 
of quicklime^re firsjt sprinkled with water^ and redjLced 
to a powder ; upqp this a bed •of dried fern is placed ; 
then another layer of lime, covered again by fern ; and so 
on alternately^ until the pile having reached a moderate 
height, fire is applied ; aiuf when the whole of the fern 
is consumed, the ashes colleeted and strewn upon 
fresh beds of fern, which are again fired ; and thjs burn- 
ing process is repeated five, six, .or more times suc- 
ees^vely, — it being held that the more frequently the 
ashea are burnt, t^e better is 4be quality of the product. 
Some ancient Chinese annals afiirm that, instead of fern, . 
the wood^f aJcinc^of medfar tree was. anciently ifted ; 
and that the quality of the porcelain was tn consC^quence 
more beautiful. This wood is now become too scarce to 
be employed for the purpose. The liin»and fern ashes 
are next thrown into a vessel containiag fjir water, and* 
fihe-kao is added in the same prq|^ortion as to the creamy 
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dilution of ^e-tun-tse. This she-kao dissolves ; and the 
solid matter being separated from the water by subsid- 
ence^ and removed in a tolerably fluid state, forms what 
the Chinese manufacturers ^call the oil of lime, to the 
agency of. which they attribute all the lustrous appear- 
ance of their porcelain. Lime, when uncombined, is in- 
fusible, except at a very intense degree of heat ; and the 
fern ashes thus added are'essential, acting as a flux, and 
promoting the fusion of thp glarue in the furnace. In 
mixing these, two varnishes together, only one measure of 
the oiFof lime is adhed'to ten measures of that of pe- 
tun-Cse, care being taken that the cc^sistence of both is 
equal, l^lie oil of lime is easily, afnd to the seller pro- 
fltab}^ atilulterated by the addition of water, combined 
with such a farther portion of she-kao as progerves its 
^ propel*- degree of consistency. * 

It is said that, since the time when D*Entrecolles 
communicated his observations on the porcelain manu- 
facture in' China, the potters there have discovered a new 
species qf mineral, which can be advantageously used in 
the preparation of porcelain. This is a species of chalky 
stone, which bears outward resemblance to soap, 
and is declared to poSS^s considerable medicinal virtues. 
It is called hao-che ; and when used instead of kao-lin, 
the result is porcelain of very fine grain, exceedingly 
light, and much better qualified, for receiving colours, 
but more brittle, and far cK^arer in its cost, than the 
commoner kind of ware, the prirc of hao-che being three 
times dial paid for kao^Jin. This neW substance, when 
taken from the mine^ undergoes the operation of a care- 
ful washing, to separate from it a kind of yellow earth 
with which it is always feund accompanied : it is then 
pounded, and treated exactly in a similar manner to that 
described in the preparation of kao-lin. It Affirmed 
that hae-che. I;hus purified, is capable of being made into 
porcelain without any admixture. 

It is the kgp.lin which, although much softer than 
the pe-tun-tse ^hen taken from the quarry, gives 
strength and oody to tljp porcelain ; and, consequendy. 
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this^ or some ' substitute possessing the sSme quality, « 
forms an indispensable ingredient in its composition. It 
is related that some iiluropeans, having privately ob- 
tained some blocks of pe-tui^-tse in China, and conveyed 
them to their own country, vainly endeavoured to con- 
vert them into porcelain ; which bgconiing known to 
some Chinese manufaatflrers, they deridingly remarked, 
that certainly the Europe^s must be a iS’onderfu] 
people, to go about toimake a^ody* whose flesh was to 
sustain itself witliout bones.^ • 

Kao-lin is known, from the pa^illes of jniea which it 
contains, to have ft^origin in felspar, or graphic gratiite. 

It is infusible with flie hoa^of a porcelain furnace even 
in China, the degree of which must be most trqinei^us, 
as some of the materials em^yed in their f^azes could 
not be vitnfled’^ at a lower temperature than ^ouid 
sufflee to fuse Cornish granite. The kao-lin quarries of 
China agree with the mines of Alen 9 on andSt. Yrieux, 
near Limoges, where a similar earth is found — all of tliem 
having a super-stratum of red, friable, micaceous rock, 
of the texture of gneiss. The constituent ingredients of 
kao-lin are found to be — silica ^^labimina 42, oxide of 
iron 0-33. ^ ^ 

The factories ^mployed at ^ng-te-cHing for the 
porcelain manufacture are of great extent. They are 
walled round, qpd contain sheds under which the processes 
are carried on, as welf as dwellings for the workmen. 
The number of people employed in. one of these factories 
is very great, as nflist appear whqn it is considered that 
almost every piece of pcyrcelain produced, howeve?* small, 
passes through more than sixty difibreiVt hands before it 
reaches a state of ^erffibtness. ^ 

AVlien the purifleation of the two earths has been com- 
pleted by the ^processes al/bady described, the next 
operation is to unitS (liem in the requisite proportiq|as« 
The relative quantities of these^mateilals depend upon 
the quality which it is desired to give to J;he porcelain. 
For the tinest kind, they mix ihff kao-liji and pe-tun-tse 
in equal quantities, and dimiiiisl^ tlie proportion of the 
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former according as coarser kinds of vrare are required ; 
but^ for the very coarsest descriptions^ the kao-lin never 
forms less than one fourth of the mass. 

The most laborious part of the whole operatidns of 
the factory^ is that of intimately kneading and working 
the earths together, so as to form of the two one homo- 
geneous mass. This is performed in pits, which are 
paved aid cemented, whCirein the workmen continually 
trample upon tlie paste,' bringinf. together fresh portions 
by turning it over ; and this work is continued without 
intermission,, one s^t^of workmen relieving another at 
intervals, as each becomes fatigued^'by the labour, until 
the mass is tliought to beu. thoroughly mixed, and has 
beei? bron^ht to a consistence proper for being moulded 
by the potter. The mirtUre is then removed from the 
pit; ^nd being divided into small portions, is again 
kneaded with the hands upon large slates provided for 
the purpose. Too much careful industry can hardly be 
exercised* in tliis operation. If the smallest drop of water 
or globule of air be left remaining in any portion^ of the 
mass, the article which contains that portion will infal- 
libly be spoiled by the expansion of the fluid in the 
oven. The smallest grain of sand, or even a single hair, 
left in the paste, would be equally prt^judicial, occasion- 
ing the porcelain to run, or crac^, or warp in the 
baking. 

The pieces are fashioned by the Chinese ivorkmen in 
a manner so similar to that adopted in our own potteries, 
that it would be useless to narrate tl.e process. 

The moulds used in the potteries of China for form- 
ing pieces of multiform shape are made in several por- 
tions or divisions, which are brought together when 
used. They are made of a yellow unctuous ea/th, which 
occurs abundantly in quairies near to^ King-te-ching ; 
an,d its preparation by kneading 'and beatifig is very 
similar to that b^stowefl on the porcelain earths. When 
made and used with care, these moulds will last for a 
long time. Thg Chintz workmen are not content with 
the work as deliverec]^ from the moulds, but uniformly 
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finish the article by the hand, using a vafiety of chisels^ 
and other tools to touch up the various lines and forms 
given by the mouldy as well as to supply its probable 
defiHencies ; so that the potter executes, in some sort, 
the art of a sculptor. In Vorks where different objects 
appear in relievo, these are made s^arately, ancT added 
in tlie way commonly \Lsed in our own potteries. 

It may give some idea of the number of iiands em-* * 
ployed in the perfecting of every piece of porcelain ^ 
state what D'F)ntrecoUes has related to oicur with Che 
commonest description of tea-ciyi? Th^potter'has the 
management of the wheel ; and lender his hands the cup 
assumes its form, •heigl^jt^ and diameter. It may be 
well imagined that this workman does not ]|jjestow 
much labour upon his task,* when we are fold that for 
fashioning twenty-six cups he receives a sum equivalent^ 
to about tlirec^ farthings of our money : the cup, accord- 
ingly, is delivered by him in a very imperfect state to 
a second workman, who fits it to its bake. From 
him it passes immediately to a third man, who by means 
of a mould, placed on a kind of lathe, corrects the im- 
perfections of its shape. A fourth gian, by the aid of a 
diisel, corrects the inequalities and unevennesses of the * 
edges, and pares the cu]) to a substance which ren^s it 
sufficiently transparent. In the course of this operation 
he has frequently recourse to water, in order by moist- 
ening to prevent the cracking or breaking of the cup. 

A fiftli workman then smooths the inside by turning it 
gently on a moi:dd. Considerable care is required in 
this stage to prevent my warping or the forrdation of 
^y cavity in the cup. Other ihe^ then, according 
to *the description cup ^which it is intended to 
projucey add eitffer the handle, or some ornaments in 
relievo, ^or make sunken ^pressions. The opergtion * 
that immediately ]JVe;pedes the first bakmg of thg cuj>, is 
that of pounding and hollowii^g die inside of its foot : 
this is performed with a chisel. ^ 

By this division of labour the work is found to^ 
proceed widi greater regularity gnd rapidity. Incessant 
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attention to bne operation^* and that of a\ery tdmfik 
kind, ^ves to ^Inih workman considarable dexterity and 
facility in its pmorinance ; and no time is lost in the 
changing of im^ements^ as mast be the case if oAe inan 
had to conduct the manutacture through its seveial 
stages: 

Very large pieces of porcdain'are made at King-te«. 
ching. These arc sometimes of sudh magnitude^ that 
they must first be formed Cn two, three, or more sections ; 
ea*di one of which requires to be supported during its 
formation by three^ or more men. When the dificreiit 
portions are sufficiently dry, they afe* united together 
with slip, in the same manner as htndles are attached ; 
and the seams are smoothed and polished with on iron 
iKtinstrument, so that, upon their being afterwards covered 
''With viamish, it is not possible to discern the points of 
junction. 

The celebrated traveller Marco Polo mentions the 
vast extent to which the manufacture was carried at the 
time of his residence in the Celestial Empire, and states 
that eight porcelain cups might then be purchased at 
the low price of a Venetian groat.* 

Among the Chinese, the art of design has never ad- 
vanced beyond the very first steps. These people appear 
ignorant of the commonest rules oi perspective; and 
thebi drawing, eG^ecially where attempts are made to 
describe the human figu;|:c, m wretched in the extreme. 
To make some amends for this, the colours which they 
^dmploy are exceedingly lively and brilliant, so that Eu- 
iHlbpean '^artists have found it a difficult task to vie with 
ifTVhem in this respect. In examining the painted por- 
. ddain of this singular people, ono is almost led to 

that their artists have been debarred the' sight of 
^ which they attempt to re])resent, as other- 

wise among them must surely bave possessed suf- 
fidedt innate taste to have led him from the general 
track, "And instead of the miserable caricatures that 


* Warsden's trandation, 4lo edition, page 56a 
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i2ijm;raoe &elr laboutSj^ to 1b»Ve mude sAme apj^roach^ 
txyvrards the truth in hia dd^beaticm (M|^tural otjects. 

The systettic of districting the wcM^among a great 
number of hands^ which is found so successful in the 
formation of porcelaiii> is also fnirsued in* the painting 
department One artist forms oijly coloured ^cireieB 
about the edges; anotheip traces flowers^ which a third 
paints; a fourth dtelCatesInothin^ but 'moiihtafns; a* 
fifth describes watei^ a^sisAh traces the outline /of 
birds^ which a sevens fills up with colours. Other 
artists trace and ^lour animals^- ^others •again perform 
the same tasks vam the human ^gure^ and jn thl^ way 
every object of art And nature found upon their porcelain 
is the work of a particular artist^ who doe^ not attempt 
the delineation of any other •subject. To this sysfemi^ 
so useful in conductiog every meirly mceSanic&l oper. 
ation^ may jiob&ibly be owing the continued adherence to 
old and faulty methocis. The celerity which 
culated to produce is unfriendly to the improvements 
suggested by genius ; and if even one artist among the 
crowd should be found i\ith taste enough to aim at form- 
ing and embodying jiister concejitlbns^ his approaches 
to nature would only serve to render mqre glaring the 
deformities produted by his fdlow labourers^ and would, 
therefore, be wholly inadmissible* 

It is said that for uian^agcs, the Chinese used only 
white porcelain. Tiadition acMs, that its whiteness was 
most brilliant, tli^t the pieces were altogether faultless, 
and that the only name by which they were knoudi||, 
when exported to otlier kingdoms w§^ that of tl^f 
]^e 4 ious jewels of j§o tclieou.'* Blue was the first 
colour wjierewjth 4hey ornamented pottery, but the em- 
ployment of all other colours very speedily followed* 
upon th^^ntrdirluction of this one. At first, and ror a 
long time, their blu£ colour was prepared from a Very 
fine kind of lapis lazuli, which is nati\e with them; 
but they now import smait from England, at a price &o 
much below that which their own ^gnoent had cost,* 
that they have abandoned ite aBuiufacture, and depend 
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^upon their fbreign supply. The fine deep blue some^ 
times found upon specimens of old Chinese porcelain is 
much admired and valued by virtvosi^ and it is regretted 
that this colour is not used at present. It has 'been 
conjectured that the Chinese^ who unquestionably pos-* 
sees cbbalt^ most probably employed its oxide also in 
the production of this esteemed %iue colour before they 
were enaTfied by their comlftierce with Europeans to sub- 
stsHute for it our cheapo pjgmefit; that their method 
of preparing«the ore of cobalt was such^ that it retained 
the arsenic with which it is always ^ found in combin* 
ation; and^ that, consequently^ its ctftour proved much 
deeper and richer than the proparatfbn made by us from 
the same rnineral. Our process being performed in a 
^reverberatory furnace, themrseiiic is driven off in fumes. 
There ^ire some kinds of cobalt which are made to yield 
smalt without this previous roasting, and the superior 
colour which in such case is always produced is attri- 
buted to the presence of arsenic ; since if this mineral be 
added to smalt while in a state of fusion, the colour will 
be rendered much deeper. The preparation of smalt 
from cobalt without the aid of fire is more expensive 
and the produce less in quantity than where the common 
process is followed. The .French mai:ufacturers procure 
their smalt by dissolving cobalt in nitric acid (the aqua 
fortis of commerce), and then precipitating ; and it might 
be well for our ])orcelain markers to try the effect of this 
method. 

^ The 4:ed colour used by tlie Chinese is made from 
PIbmmon green ^vitnol or copperas (proto-sulphate of 
iron), which goes with them by, the name of tsa-faii. 
This material they calcine in a crucibl?, continiyng to ap- 
*'^ly fire for so long a time as^hick black fumes are seen to 
escape from a hede made in the top of the cnrf^ible ; but 
wh^ t£ese futnes are succeeded by a light and thin cloudy 
they judge that the process has been carried silfiiciently 
far, and remove the crucible from the furnace, pre- 
' viously, however^ withdrawing a small quantity of the 
colour for inspection, kc the test here mention^ is not 
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unerring. When the colour proves good^ the crucible is 
left i^o cool gradually, a cake of red matter is then 
found at the bottom, and a further quantity, in the 
form of fine powder adhci4ng to its sides. 1 his latter, 
being the jmrest and finest colour, is kept separate fj^m 
the cake. Copperag •affords about one fourth of its 
weight of this colour, whichi alone is used fo:^)roduciiig* 
all the various shadc^ of red in the porcelain works, of 
King-tc-ching. * \ * 

AVhite porcelain, made in Chifia, owes much of the 
fine brilliancy o^^s colour to the oils or varnishes4)eforc , 
described ; but wlifin a l^rmhter* and finer hue than can 
be thus produced is needed, a mixture of the fo^owing 
kind is prc])ared. The shbses of some of their rivers 
furnisli a species of agate, which is without vtfins aiuf 
nearly transparent, so that it approaches to the nature of 
crystal. This stone is calcined to a white powder, 
4 ind then ground as fine as possible. To every ounce 
of this they add two ounces of white lead (ceruse), also 
in fine powder, and these being mixed with the varnish, 
die 'whole is laid on the porcelain Jn the same way as 
other colours. According to the descriptions givenjto us, * 
tins compound, besides being used for the production of a 
brilliant white, forms also the ground or basis of several 
other bcautifqj colourg. Their green, which is prepared 
from the oxide of copper, Is said to be converted into a 
fine violet colour by admixture with the wliite just de- 
scribed. Such a*change as thi§ must of cour|e be t he , 
effect of chemical actjpn promoteij by the heat of tWf 
fiirnace. The mere mechanical mixture of white with 
gree^j would only jedifce the depth of its shade. A very • 
small proportion of the white suffices, it is said, to pro- 
duce a v«^y deep violet, ancf the hue is.rendcred lighter 
in proportion as the quantity of whitft is iifbreased. 
Their yellow is said to result from tlie mixture, in due 
proportions, of tliis white with copperas ^proto-sulphate 
of iron). The accounts we lave of those processes” 
among the Chinese, which dep|«id upon chemical laws, 
are given with so little regdlrd to accuracy, and betray 
T 2 
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teo great a want of scientific acquirement, that these de- 
scriptions of their mode of preparing colours cannot be 
received with any satisfaction. * 

The (’hinesc painters of ^mrcelain usually mix their 
colours with gum water, in whicli a small portion of 
either saltpetre (nitrate of potasa), white lead, or cop- 
,pcras has been first dissol)\ed. '\^ierc a red colour is 
used, tile porcelain oil eg varnish is a])plied witli it. 
This colour is laid on the -^’are when in the state of 
biscuit, that is, wheu.it has been ouce«in the oven, but 
it requires the heat of the second bak/lf? to bring out all 
its requisite^ shades and^tints. 

Black porcelain, oriiamenteif with gold, known under 
the name of mnnimy is p.uch esteemed in the East. 
'The blj?ck is produced l>y mixing three drachms of deep 
blue, with seven dra^nns of the varnish, which they call 
oil of stones. The black thus prepared is laid on when 
tlie porcelain is first dried, and when the black is also 
tlioroughly dry, the vessel is baked. The gold is then 
laid on, and die ])iece is subjected to another baking in 
a furnace peculiarly constructed for the purpose. The 
gold is ground in water to a very fine powder; and when 
tills fias been' very gradually dried in the shade, one 
tenth of its weight of white lead is aftded, the mixture 
is incorporated with gum water, and laid on in the same 
manner as colours are applied. * 

The (Chinese have a kind cf porcelain, which is in 
much repute with them, called tsou~uyi. This has die 
Hjuppearun^e of haviii^p been broken, and of having its 
fractured edges brought together and cemented, and 
^ then covered with the varnish originally used. This 
effect is produced through the peculiar natuie o? the 
varUi'sh employed, which nCver spreads evenly, but has 
a tei>dency wlien in fusion to run uito veins and ridges 
of various and uncertain forms. This varnish, is made 
from a sort of igale stones, reduced by calcination to a 
white powder, which aTter being long ground in a 
mortar is carefully washed, and used when of the con- 
sistence of cream. It lias been suggested that crystal 
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would probably answer this j)urpose ai well as the^ 
coarse agates of the (diinesc ; and among all the de- 
mands of fashion which is ever seeking for something 
new* it might perhaps serve the interest of some manu- 
acturer to put this suggestion to the proof. 

Another kind of porcelain, much esteemed “by jthe 
Chinese, is called by* them Ma-taingy which signifies 
pressed azure. In vessels 9i this description*lhe colours 
appear only when th^ cupg a.i^ filled with liquid. The 
manner of making porcelain so as to prochice this effect 
is as follows : — cup is m^cFe very, thin, and after 
having been once baked, the cejours are applied -in the, 
required forms ofl its •inner surface. IVlien dry, a 
coating of porcelain earth, the same as that already 
composing the cup, 'must T* laid on the inside ; over 
tills, the usual varnish is laid, »o that the ^olourcl 
figures are enclosed hetw^een two coats or bodies of the 
ware. The outside, already very thin, is then ground 
down almost to the painted figures, which are thus 
made to appear externally, when they must be covered 
anew with a coat of vamisli so as to be scarcely percep- 
tible from the outside, until the vessel being filled with 
liquid, this acts as a kind of foil behind,^ and thrq^s ouf 
the figures which before were obscured. So mud) care- 
fulness is called for in the production of kia-tsing, that 
the art is very seldow practised. 

Another admired art among this people is that of 
^oducing the sgmblanfe of various figures upon pure 
white porcelain, whose Burfaces»are yet entirely smooth. 
Having fashioned a wssel, with the finest materials aiH 
*Sex^remely thin, it in^^st be polished iliside and out, when 
a stamji cut with the requishe figures in relief must bf^ 
pressed upon the inner surface of the unbaked vessel. 
The fiiT0^t white varnish must next be applied dVer its 
entire surfaces, so *that the cavitiqs iftipressdU by the 
stamp are filled by it, and thS smoothness of the inner 
surface is restored. When tljp ware is*baked, the vary- 
ing thicknesses of the more opaqfie iwnish will be 
apparent through the tran^ai^nt sides of the cup, and 
I 3 
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the whole of the figures will then be seen as finely and 
* liccurately traced as if painted on the outside. 

The methods employed by the manufacturers of 
King-te-ching in applying the varnish, vary with the 
different qualities of the wafes under operation. For 
verv fine and thin porcelain two exceedingly thin coat- 
ings are very carefully applied, some dexterity is 
i*equired, b^th with regard to the quantity laid on, and 
the equable manner bf ite appli^tion. To pieces of 
inferior qualitv, as much varnish is applied in one coat- 
ings as is comprised hi the two layers just mentioned. 
The fc'Ot of thfe vessel is never projiuriy formed until 
this stage of tlie manufacturf^ and after the painting 
and varnishing have been completed, wdien this j)art 
is finished on tlie wheel, arfl varnished likewise. The 
Work is ^^hen fit to be placed in the oven. 

Tlie construction of furnaces and the system fol- 
lowed in baking porcelain in China differ so little from 
the structure and method pursued in England, that 
little need be said here concerning them. Tt has al- 
ready been mentioned that the nature of the materials 
employed calls for a much higher degree of heat than 
& necessary in our potteries. To insure this, the Chi- 
nese are very careful in providing a rapid draught, and 
in the incessant feeding of their furnaces with small 
billets of wood, so as to insure i<^s most rapid com- 
bustion. The learned Jesuit D’Entrecolles observes, 
as a thing quite unaccountable, and even iiiconccivahle^ 
if he had not witnessed the fact, that^hotwitlistaiiding 
the enormous consumption of w'lod during so many 
hourSj none of its allies are ever found upon the hea];th 
,nf the oven. There wmuld have 'beer greater reason 
fpr astonishment had the contrary fact appeared. The 
rapid ^draught excited by the disposition of oven, 
and the excessive degree of its temp^ature, would serve 
to carry away completely ^ through the fiue so light a 
Bubstance as wood ashes, 

Q 

• The taste for old *porcelain appears to prevail fully as 
much in Cliina as it has &ver done in this country. It 
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is asserted by some persons^ that such asVas made in 
former days was not only composed of finer materials^ 
but was more pcrfecif in the mode of its manufacture. 
Unfortunately for this ass^tiouj there are worlimen at 
King-te-ching, who make it their occupation to 'coun- 
terfeit these much-coveted relics of antiquity, "which 
are called ku-tong, ^nd injthis they succee^so as to 
deceive the most observant connoisseurs. In the pre- * 
paration of these m?)ck ^.ntiques there ^ is but little 
variation from ^le methods usually practised. They 
are made tliicke^han modern porcelaliij|^iid are made 
to undergo *the ceremony of burial for q^ie oT* two • 
months in the most loattiA[>me sink of filth which can 
be found, by which means (jvery appearance of ntwncss 
is eftaccd. * ^ 

Several reasons are assigned fof the high flrice at 
which Chinese jiorcelain is sold in Europe. One of 
these is, that owing to their very unscientyic manner 
of conducting the baking ]irocess it rarely happens that 
some, and sometimes a very consideralde portion, is not 
spoilt by unequal or excessive heat, and converted to 
a deformed and shapeless mass. •Anothel^ reason for^ 
dearness is, the constantly dqpriinishing .supply af the 
materials used, Aid more especially of fuel, which be- 
comes very expensive. It is added, that as those 
pieces which "are prt^areil for the markets of Europe, 
are of patterns unacceptable to the taste of home con- 
sumers, and as t^e factors are exceedingly particular in 
rejecting every article which exlfibits the slightest defect 
either in form or coldhr, the prices j?aid to the manu- 
facturers for such as* are accepted must be sufficiently 
high toi include ^e cost of those which are rejected. • 
Notwithstanding these circumstances, the" prices at 
which porcelain h now furnished in •China a^e mate- 
riaUy less than those demanded in ancient times, Vhen^ 
we are informed, as much as 100 crowns were given 
for a single urn at the sea^ of manufacture. The 
emperor monopolises the finest specimens of porcelain 
manufactured in his domin^oifl^ and it has thence been 

I 4 
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^ asserted^ tliatf* none Avhich has ever found its way to 
Europe gives an adequate idea of the perfection to 
which the Chinese have attained in this manufacture. 
The I^orcelain Tower erected at Nan-king offers proof 
sufficient of the very durable nature of their manu- 
factured This building is of an octagonal shape, is of 
nine stories, and very nearly ,S&0 feet high, and its 
•entire surface is covered iJ^ith porcelain of the finest 
quality. Although this ^ingular^’and beautiful edifice 
has’ been erected more than 400 years, it has hitherto 
withstood all^he alfemations of sy^ons, and every 
variety of ^weather, without exhibiting tJie smallest 
symptom of deterioration. ^ * 

The inthpate mixture of the two earthy materials 
so essential to the productifin of good porcelain is much 
more perfectly attained, if, after the employment of the 
mechanical means already described, the united mass 
he left for a considerable time before its employment. 
The Chinese frequently extend this interval to a space 
of fifteen or twenty years ; and instances are not un- 
common, where the provident care of a parent leads 
him to prejjfcre as itiuch porcelain clay as will suffice 
for hir son’s use, during the whole period of his life. 
The Chinese excel in tlie manufacture of brown 
earthenware, which being sold at a very low price is 
used commonly throughout the empire. P orous vessels 
for cooling water are also made by them of fuller’s 
eartli, ivhicli is principally composed, of alumine and 
very pure silex, in combination with oxide of iron. 
The name by which porcelain is distinguished in this, 
the country of its earliest production, is tae-ku 

An attempt was once made by thj government' to 
remove the'seat of manufacture to the imperial city of 
PekiiiV This, ho,vever, although no ^effort spared 

' in tlie business, proved unsuccessful, and the sole pf'o- 
secution of the art reverted to King-te-ching, where, 
according to the statement of different travellers, there 
a:re established 50b factories, giving employment to 
more than a million oP "artisans. There appears no 
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good rca«^on for believing that the manufacture would 
not have beeii prosecuted with equal success at Pekin, 
if tljose who diiected* it had been so disposed ; and the 
diftertnt result which has jpecu recorded is supposed to 
have aiisen from the disinclination of the manufacturers 
to ht brought so clo|ely within die control o^ a go- 
vernment Mipcreiniitently famed for meddling with the^ 
private concerns of its subjects. . 
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‘IVI^NY •circumstances contribute to render glass one of* 
the most curious and interesting of manufactured sub- 
stances.*^ * • • * 

Although perfectly transp^ent itself* not one Of the 
materials of which it is made partakes of that quality. 
Exceedingly brittle while coldf it becomes, by the appli- 
cation of heat, so remarkably flexibfe and tenacious sHk 
to be convertible into every.fftfm tlxat fancy may dictate 
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or convenience suggest. Its great ductility is shown in 
a very striking manner by the slender filaments — small 
as the fibres of a spider’s web — into which it is spun 
for ornamental purposes. Many hundred feet of these 
filaments may be drawn out from a heated mass in the 
space of one minute. Its plia'icy and elasticity are 
.proved b^’ the facility with wbieli, when in the state just 
mentioned, it may he bent and retimed in various forms, 
and by the energy wherew'itli its original shape is re- 
sumed at the moment of release fi*oir its constrained 
position. 

The imi»ermoability of glass to water, even under a 
considerable degree of pressure, is well ascertained. A 
few years ago, the reverend Mr. Camjdiell, while on a 
' voyage to Southern Africa, among other philosojdiical 
experiments whereivith he amused himself, caused two 
globular glass bottles herinetically sealed to be lowered 
by means of leaden weights to the deptli of 1 200 feet 
beneath the surface of the sea. Tliese, through the 
united and continuous exertions of ten men during 
fifteen minutes, were again drawn up, and were found 
to be perfectly empty, 

Tlie continued exi>osu’-e of glass to the greatest beat 
whereby it is melted, does not prouuce any sensible 
diminution in its weight and quantity, or any alteration 
of its properties. It is capable of receiving colours, and 
of retaining them in all their, lustre for an indefinite 
period. The strongest acids — with cne exception that 
will he noticed — have no effect upon it ; a circumstance 
that renders glass additionally useful in assisting the 
researches of chemists. I^ is cap.ible of receiving *the 
most perfect polish, preserves all its beauty, and does 
hot lose the smallest porticii of its substance by the 
lj|ngcst rnd most frequent use. 

The admirable qualities and important uses. of glass 
have been so happily pointed out by one of the most 
celebrated writers of the last century, that no apology 
will be needed for the insertion of the passage. 

Who, when he saw the first sand or ashes by a 



CnAP. I. • HISTORICAL n^tigeS. • 127 

casual intenseness of heat melted into a iftetalline form, • 
rugged ■with excrescences, and clouded ■with impuiities, 
would have imagined that in this shapeless luiu]) lay 
concealed so many conveniences of life a^ would in 
time constitute a great part of the happiness of the 
world? Yet by some such fortuijokus liquefaction was 
mankind taught to procure a body at once in a high 
degree solid and trans])ar^nt, which might admit thd 
light of the sun, and^xclqjLle the violence of the wind ; 
which might ^xtend the sight of the ]fliilosopher to 
new rang('s of existence, and 4?harm lyrn at one time 
with the unbounded extent of the material cj:eati(Tn, and • 
at another "with rtie ewliess subordination of animal 
life ; and ivhat is yet of mgre importance^ piighUsupply 
tlie decays of nature, and*succour old age with sub^ 
sidiary sight. Thus was the fiif?t artificer tn glass 
<*mploye(l, though without his own knowledge or expect- 
ation. He was facilitating and prolonging^ tlie enjoy- 
ment of light, enlarging tlie avenues of science, and 
conferring the highest and most lasting pleasures ; he 
was enabling the student to contemplate nabire, and the 
beauty to behold herself.” * • 

The utility of a substance which is djdly and hourly 
rendered serviceable by all classes of persons in almost 
every human habitation cannot need to be exemplified. 
The aids wliksli it ofiWs tojscientific researches are almost 
equally apparent. To notice the particular arrangements 
whereby the chemist, tBe naturalist, or the astronomer 
avails himself of some of the various properti^ of glass 
in pursuing his investigations, ■vpoqld lead to descrip- 
Itiotts which, although interesting in a high degree, are 
foreign .to the ob^'ct of this treatise, wherein little more* 
than incidental notices can^bc given, on points that have 
relation*^o iifiprovements in the manufacture. ^ 

It may be useful,* however^ to notice here an brror, 
not unfrequently made, from observing glass to be the 
only transparent material usfd in making spectacles^ 
opera glasses, and other optical insflruments. Persons 

* Rambler, 



1 28 * manufacture of glass. guap. l 

arc induced, irom this circumstance^ to ascribe to the 
peculiar quality of glass the exclusive power of modu 
fying the apparent magnitude^ brightness, and distincU 
ness^ of objects seen throiigli it. This^ however, is not 
an exclusive property of glass, but belongs to every 
transparent substance Itaving a density different from 
that of t]»c air whicli surrounds the observer. It flepends 
•'also, not alone on the inherent qualities and density of 
the tranfe]>arcnt substance thmugh which the objects are 
viewed, but also on the form of the surfaces which bound 
that substance, and on various otluT circumstances not 
necessary to bo noticcej more particularly here. The 
reader will, therefore, recelleet, that the ojitical properties 
of glars arc .comiron to the diamond and other trans- 
uarent solids, to all transpaiont liquids, and c\cn to gcises. 
Glass is coininotily u^ed on account of its eheapjiess and 
durability, and for other reasons of convenience. 

It is impo'^si])le, however, wholly to dismiss this 
subject luiaccompanied by expressions of admiration at 
the genius of those master spirits, who, by their dis*. 
coveries and inventions, have rendered glass subservient 
to purposes that Ojx n and enlarge the field of liuman 
know>jdgc ill sjoineuf those branches of natural philo- 
sophy which tend most to refine the^ nature and exalt 
the character of man. 

Familiarised as wc aie tojthe i’.se and «j»pcarance of 
glass, yet no person can ever become indifferent to its 
advant{«^,es, or insensible to its beauty. Neither can 
we feel astonishment at the acfhiiratioii which Induced 
tlie ancients, while *i\ic art of making it was little 
practised, and in those countries ,iwhere it was not yet 
established, so greatly to covet the j issession of glass 
Vessels as to purcliase them at jiiiccs which to us appear 
i exorbitant. AW are told that the cmpeior NOro gave 
for two cups with handles 6*000 sestertia, a sum nearly 
equal to />(),000/. of our money. These vessels were 
wot of any extraordinarjr size, but were thus highly 
valued on account of their perfect transparence, and 
resemblance to crystal. 
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The name whereby this material is knhwn to us is 
generally said to be derived from the Latin, and to have 
been suggested by it& great similarity in appearance to 
ice It has been remarked^ however^ that the 

common Latin designation is vitrum; and as the Romans 
^aA e this name also to the plant whi^h we call wodd. and 
which our remote ancestors called glastuTHy it is ima. 
gined that glass obtained th^same distinctive appellation^ 
because of the bluisll tin^ wliich ^t usually exhibit^ 
There is as little probable foundation for one as lor die 
otlier conjecture, nor is the questmn of inu^h importance, 
since, whichever way it might be determined, nought Would 
be thereby thrown Upon an^ point of interest concerning 
the origin of the manufacture, which, although initolved 
in the most impenetrable inytftery, is yet known to have , 
existed long before its introduction among tlic lUbmans. 

The passage in the book of Job (ch. xxxvii. v. 18,), 
wherein mention is sup])Osed to be made of^ glass, has 
been adduced by Neri in proof of its remote origin. Un- 
fortunately for the correctness of this opinion it has been 
found, that in many ancient versions, instead of the 
of the Vulgate and Septuagint, other substances which 
liaAe dia])hanous and shining properlies afe mentioned.* 
In fact, til# word«iu the origin&l Hebrew has been fre- 
quently used, according to the fancy of translators, to sig- 
nify dillerent bodies possessing lustre and transparency. 

'J"he two problems of Aristotle — if, indeed, they were 
propounded by tliat philosopher — Why do we see 
tlirough glass ? ” and Why is it not malleable^ ” com- 
prise, perhaps, the carUest written mention made of the 
subjitance. Theophr^tus, whose writings arc not half 
a, ccaitujy later than die time%>f Aristode, mentions the 
use of sand from the river |lelus in making glass ; and * 
from thaWdate«(30Q years b. g.) a knowledge of the ma- 
terial was pretty gencftally difiusecL Jf reliance is tt> be 
placed u]ion the statement, thaf the celebrated sphere of 
Archimedes was made of glass^the art nfust in his time 
(209 years b. c.) have arrived at a considerable degree 
of perfection « » 
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Many auCioritics concur in assigning the Inerit of the 
invention to the Phoenicians ; and the assertion of Pliny 
is often repeated^ which attributes the discovery to acci- 
dent. Some storm-driven mariners were boiling tlieir 
food on the sands at the mouth of the river Pelus — a 
suialhstream running from the foot of IMount Carmel in 
Galilee — where the herb kali was growing ahundantlyj 
and are said to have perceivi^d that tlie sand, when incor- 
jM)rated with the ashes of thjs plat'it, melted and ran into 
a vitreous substance. It is certain that the sand about 
tliis spot was ^w'cll adapted to the marvafacture of glass, 
and probably the glass-houses of Tyr^ and Sidoii were 
supplied thence with this material, which may have given 
rise to the tradition. 

Tliat the ancient Egyptians were well acquainted with 
the metliod of mal'ing glass cannot he doubtetl. The 
beads wherewith some mummies are adorned, although 
composed of earthenware, have an external covering of 
glaze, which is true glass, coloured with a metallic oxide; 
and recent searchers have discovered among the tombs 
at Thel>cs some pieces of glass of a blue colour, similar 
in their composition to the glazing on the beads just 
mentioned. ^ 

The glass-houses of Alexandria wftre long famed for 
the skill and ingenuity displayed by their workmen. 
The Homans were, at one ti,pie, supplied with a 
great part of their glass ware from that city. A coarse 
and impure manufacture of drinking vessels had been 
prosecuted at Rome from the titne of Nero ; but the art 
could have made oi^ly a slow progress notwithstanding 
the encouragement offered by the high prices at i#\iieii 
glass wares of foreign muke were sojd in the imperial 
city. The emperor Hadrian, while at Alexandria, re- 
ceived from a priest some glass cups«of varioiza colours, 
which iiad been uped in the worship of the temple, and 
transmitted them to Ronie as objects of great value and 
curiosity, with an injunction that they should be used on 
festivals and othe/ great occasions. 

Utensils of glass have been found among the ruins of 



CHAP. I. • HISTORlCAIi Nq^TlCES. • 131 

Herculaneum, which city %vas destroyed id the rei{j;n of 
tlic emperor Titus, by the same eruption of Mount Ve- 
suvius which cost tho elder Winy his life. It does not 
appear that glass was used for admitting light to dwell- 
ings ill T Icrculaneuni, the largest houses having windows 
"made witli a species of transparent talc. ‘ • 

In llie British Museum are four large cinerary urns 
made of green glass, wliicli have been proiiouncetl by a * 
very competent authority JavouraCle specimens of ijie 
proficiency of ijie ancients in the art of ^ass-blowing. 
Tliosc are round Vases of an elegant form, furnished with 
covers and two double handles. .The fonnatign o^ these 
handles is, it is sai(f, suck as must convince any person 
capable of ajipreeiating the^ difficulties whigh even the 
incKlern glass-iii.aker would ITave to surmount in their ^ 
execution, that tlic ancients were \n^ 11 acquainted with 
certain branches of the manufacture." * 

Several ancient authors {Dton Caamuny Ar» 

hiter, and litulormi) relate, that in the reign of Tiberius, 
an architect, who had been banished fiom Rome on ac- 
count of his great popularity, having, in his letirement, 
discovered the moans of so far altering the nature of 
glass as to render it malleable, ventured, to retu^ to* 
Horne, in the hojie of securing both a remission of his 
seiittmce and a reward for his invention. This discovery 
not agreeing, however^ witl^ the supposed intc’-csts of the 
tyrant, who feared lest the value of gold might he low- 
ered by its means^ the architect was beheaded, and his 
secret died with him. This is, probably, only.anothcr 
version of the story relsHed by Winy^ of the same import- 
ant •discovery having Jjeen made by an artist in Rome, 
vdien suph of theipopulace as imagined that their inter- 
ests would be injuriously a^ected tliereby conspired to- " 
gether ariE desilroyed his dwelling. • ^ 

A similar discovery, attended by results as unsfttis- 
factory, and which is said to have occurred in France in 
tile more modem times of Lo^is XlII.,*is recorded by 
Blancourt. He says, that the invcntoi^having presented 

* Memoir on Glass lncrust^i(ftis, by A. Fellatt, Esq^ 
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a bust formed of malleable glass to the cardinal Riche- 
lieu, was rewarded for his ingenuity by perpetual impri- 
sonment, lest the “ vested interests” of French glass 
manufacturers might be injured by the discovery. 

Without venturing altogether to deny the truth of 
these stories, it would be hard to subject to the charge 
of presu^nption those persons who entertain doubts upon 
the matter. It does not, certainly, prove the incorrect- 
ness of the statements, that no sunsequent examiner into 
the arcana of nature has been equally fortunate ; and it is 
assuredly that 'some successfur investigator may 

yet be the means of revealing that which has already been 
thus ascribed to more than experimenter. 

Improbable as the achi^'vement of this would seem, 
it would be scarcely more extraordinary than the trans- 
formation of linen ‘l*ags into sugar, or the conversion of 
saw-dust into wholesome, palatable, and nutritious 
food.” The purposes both of use and of ornament to 
which glass would in such a case be applied are almost 
endless, and their importance can hardly be over-rated ; 
nor should we in these days have occasion to fear, lest 
^ the insensate obstrhetions of some modern Tiberius or 
Richlieu should step between the discoverer and the 
promulgation of his secret. 

According to our present amount of knowledge, the 
chance of realising such a d*scovLry is, h6wever, limited 
within the barest possibility.. The quality of mallea- 
bility is in direct contradiction to that of vitrification ; 
the cxi^.tence pf the jiie state ^seems to be incompatible 
with that of the other. Some metallic substances when 
greatly urged by fire are made t^ approach towards the 
state of glass, and then^lose their n^alleability ; A f^ct 
which almost implies tKe impossibility of imparting the 
latter property to glass. Kunkel has indeed 'observed, 
that it is possible to produce a composition having an 
external glassy appearance, which should be pliant and 
capable of bcini^ wro>’ght under the hammer ; and 
Neumann tells us, that in the fusion of muriate of silver 
a ductile kind of glass formed, which may be moulded 
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or turned into different figures, and which* may be pro- 
nounced in some measure malleable ; facts to which 
Henckel has referred 'in order to account for the tra- 
ditionary stories of the ancients. 

The Latin writers of the Augustan age make frequent 
hiention of glass. Vi^il compares, to it the clearness 
of the water in the Fucine Lake (A5n. vii. 759-) ; 
and Horace speaks of the lustre .and transparency of * 
glass in a way which showa that it could then be majle 
with a consider%ble degree of perifection. "In the year 
220 a tax was l^d by Alexande]*Sevcru5«upon die glass 
manufacturers in Rome, who at this time ^exisflbd in 
such numbers, that a prtiteipal quarter was assigned to 
them in that city, wherein* they might caary on* their 
processes. This tax was still levied in the reign of • 
Aurclian. • 

The most celebrated specimen of antique glass is the 
vase, which during more than two centuries qirnamented 
the ilarbcrini palace, and which, having been subse- 
quently purchased by the late duchess of Portland, is 
better known in this country as the Portland vase. This 
much-admired production was foutfd about the middle 
of the sixteenth century, enclosed in a •marble -feirco- 
phagus, and deposited within the tomb of Alexander 
Severus, who died in the year 235. The body of this 
vase, which fbr a long tim# was erroneously supposed to 
be formed of porcelain, ^s made of deep blue glass, and 
is ornamented w^th white opaque figures in bas-relief, 
which are designed and scul^itured in the* style of 
cameos with a degree bf skill which js truly admirable. 

Glass melted and aast into plates, is said by St. Je- 
poilTe to have be«h used in his time (a.o. 422,) to form 
windows. About a centqjy later, Paulus Silentiarius * 
mention? the "windows of the church "of St. Spphia at 
Constantinople whicli were jovered with glass ; * and 
from this period frequent allusions to the similar use of 
glass are met with in various authors. 

Long before the establishment of* the manufacture* 
within this island, glass wa,^ ^own and used in Eng- 

K 3 . 
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land. The Venetians who traded with this country in 
very remote tiinevS furnished this among other articles 
of commerce in exchange for tin. "The erudite Pennant 
is of opinion^ that glass-inahing in Britain dates prior 
to the Roman invasion. The Druids were accustomed 
to impose upon theip more ignorant followers hy means 
of clumsily formed beads of ^ coloured glass, which they 
pretended were endued wnth the^ quality of guarding 
their possessors from evil. 

The venerable Bede, who lived very/^'near the time, 
and who therefore had |ifood opportuniti;*s for ascertain- 
ing the fact, has assertetl in his History of Weremouth, 
that in the year f)74 the abbdl 'Benedict sent for artists 
from beyond* seas to glaze die windows of the church 
and monastery of 'Weremouth in Durham, and that 
these men were our ]pirst instriletors in the art of making 
window glass. This art however took root but slowly 
among us; and it "was not until the eleventh century 
that glass windows were at all commonly used, either 
in private dwellings or in ])ublic and religious edifices. 
Previou«ly to this time, light was imperfectly trans- 
,mitted through linen cloths or wooden lattices. The 
housds of the^ commoner peojde were not, indeed, fur- 
nished wdth this luxury until the thirteenth and four- 
teenth centuries, in which respect our ancestors were 
greatly behind the inhabitants of Raly and* France. 

Tlie following curious entry, extracted from the 
Nortiiumberland household book, make^. it apparent that 
at a much later period ^than the one just mentioned, the 
comfort of glazed ‘ ifrindows was not considered as a 
matter of course even iq establK^hments where gfeat 
state and magnificence were TnaintaifAjd. This entry 
occip-s in the minutes of ar survey of Alnwick Castle 
made irv the year 1 5f>7 : — 

And because vhrowe. extreani windes the glasses of 
the windowes rf this and other ipy lords castels and 
, houses here in the country dooth decay and waste, yt 
were good the whole lei^htes of everie windowe at the 
departure of his lordshippe from lyingc at anie of his 
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sade castels and houses^ and dowring the* time of his 
lordshippes absence or others lyinge in them were taken 
doune and lade up iA safetie; and at soocl' tyine as 
ether *his lordshippe or anie pther sholde lye at anie of 
the sade places^ the same might then be set uppe of 
Aewe with smale charges to his lordshippe ; whereas 
now the decaye thereof shaU be verie costlie anjJ charge- 
able to be repayred.“ ^ ^ 

We learn also from Ray’s Itinerary (p. 187*)^ ^hjt 
in Scotland i|s late as l66l, ^he wintlbws of the 
ordinary countr^houses were noa glazed,* and only the 
upper parts of those of even the king’s palaces Jiad glass, 
the lower ones having tvit) •wooden shusters to open at 
pleasure and admit the fresh»air.” • • 

When desirous in former times of giving encourage- 
ment to some important irtanufactur^s, the government 
of France was induced to declare their prosecution to l>e 
nowise incompatible with the dignity of oj-istocratic 
blood. Early in the fourteenth century that govern- 
ment made a concession in favour of glass-making 
greatly beyond this point, decreeing, only that no 
derogation from nobility should follow the practice of 
the art, but that none save gentlemen, or. the soi^ of 
noblemen, should* venture to engage in any of its 
branches, even as working artisans. This rcstrictien 
was accompanied by ^hc grant of a royal charter of 
incorporation conveying ^various important privileges, 
under which the occupation became eventually a source 
of great wealth to several familieskof distinction^ whose 
descendants have at times attaiiiad« to some of the 
Highest dignities of tht state. ^ 

• Tile good policy is apparent of thus holding forth 
inducements to the only pyties then qualified by the 
possessioiT of dapitftl, and probably also •by their intelli- 
gence^ to establish works upon^ a scale that could lead 
either to national advantage or individual profit. A 
middle class of persons, springing from the lower orders, 
have since gradually placed thcmselvel at least upon a 
level in point of intelligence those of more illus- 
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tripufi descent ; and by the exercise of that intelligence, 
conjointly ivith prudence, have acquired the means for 
undertaking works of magnitude. This altered state 
of society would render such exclusive privileges not 
merely unnecessary, but would make them absolutdy per* 
nicious. , 

Notwithstanding the marketl encouragement just 
related on the part, of the French goveniment, some 
tinne elapsed before the manufactures of France could 
rival those of Italy. ^ Venice, in particular, long excelled 
in the quality ^of its mirrors and drinking glasses, with 
which the maiiufactur-ers of that city supplied the rest 
of Europe. The most conshh rable of their glasshouses 
were lestabl’ shed at Muranq, a village situated a short 
distance from the city. 

During the ministry of the celebrated Colbert, some 
French artists, who while residing in the Venetian 
state had acquired a knowledge of the processes used 
at Murano for the making of plate glass, returned to 
France in the hope of profitably pursuing the manu- 
facture in their native country. Such an event falling 
in with the views of Monsieur Colbert, who was anxious 
by o/ery means to extend the useful arts within the 
kingdom, these artists were in the yeaiL 1 f)f)3 established 
with privileges at Tourlaville near i herbourg, and an 
advance xif money was madp to vhe.r from the public 
code's to assist in the formation of their establishment. 
The plates made Ij^ this company we^e blown, after tlie 
system ysed in *the Vecaetian manufactories. 

It was not until 1()88 that the beautiful art of casting 
plates of glass was invented by ai manufacturer named 
Thevart, who, obtaining 'a patent foKthc inventioh to 
continue in force during thirty years, establislied a com- 
pany and erected works in Paris, where plates^ were cast 
of the then extraordinary dimensions of eighty-four 
inches long fifty mclies wide, a size which excited 
universal astonishment gnd admiration. The expense 
of conducting such a manufactory in the metropolis was, 
however, so great, that vKe cstabUshment was transferred 
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to St. Gobain in Picardy, where the unSertakinp; .vas 
prosecuted, not without considerable opposition from the 
more ancient association. 

U'o accommodate the disputes between these rival 
establishments, Thevart^s company was bound not to 
*cast any plates whose« dimensions should he les*s thlin 
sixty inches in length and^forty indies in breath. The 
largest piece that had then been produced by blowing* 
did not exceed fifty incites in its largest dimension. 
This arrangciiwnt failed to produce handony between 
the rivals ; but jp 1 ()()5 that end Was eifedually answered 
by uniting both coinjianies under the same»chafter — • 
not however, as the i^sfUc proved, to their mutual 
advantage ; — for, possibly owing to a want Of the 
salutary &}»ur of competition, the company declined in « 
prosperity with such rapidity, thatT in two years from 
the junction the united body was in a state of insolvency, 
obliged to discharge most of its workman, and to 
abandon many of its furnaces. 

No blame can be charged upon the French govern- 
ment for the procection and privilege^ affbnled lo these 
companies. It is probable that ^without some im- 
munities neither of the establishments ^ould af that 
early period hawe been umfer taken. The instances 
however arc rare, and the circumstances whereby tliey 
have been "attei peculiar, in which joint-stock 
trading companies have^ been prosecuted to advantage. 
The causes of t|}is fact are not diffi|/;;ult of explanation. 

It is seldom tliat the personal merest of those«to whom 
the particular management is infervsted is sufficiently 
*sti!ong to insure the ttrequisit^ amount of attention, or 
thff ])roper degrof of pecuniary watchfulness, if even the 
still more unfavourable coT^flition does not arise wherein" 
private ^dvafitage is opposed to the •{general j[)rosper- 
Ity, and it is sought to conduct the operations Father 
with a view to individual profit than ^to the common 
advantage. • 

In the following year a new asso<5atioii was formed* 
out of the ruins of the old cpRf^iany, under the manage- 
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ment of Antoine d'Agincourt, who re-engaged die dis- 
charged workmen and by the prudence of his arrange- 
ments conducted the affairs widi considerable profit ^to 
the adventurers. 

Blan court, in his Art de la Verrerie,” relates as 
the mode in which .the casting of plates of glass was ' 
discovered, that a person who was melting some of this 
‘material in a crucible accidentally spilt it while fluid 
upon the ground- The metal ran under one of the 
large flag stofles wherewith the place wan paved, which 
obliged the worJcman to* take up the stpne in order to 
‘ recovet the, glass. He 4;hen found it in the form of a 
plate, such as could not be •JiVoduced by the ordinary 
process of blowing. The man's attention being roused 
vby this fact, he was unable* to sleep ; and conceiving at 
once the superiority bf this method for forming mirrors, 
he immediately commenced experimenting ; and before 
the day appeared had proved the practicability of the 
improvement which the purest chance hail thus placed 
within the sphere of his observation. This occurrence 
is said to have ar^en 200 years before it was related by 
Blan court, whose tre'atise is dated in l6’98. it cannot 
ihercAfre have any reference to the tlicii recent proposals 
and performance of Thevart. » 

Tile manufacture of flint glass was first begun in 
England in the year 15574at Savoy House in the 
Strand, and in (Jrutched Friary. In lfi.S5 Sir Robert 
Mansell obtained a monopoly for mak^g this kind of 
glass, in consideration (rf his being the first person -who 
employed pit coal 4'n^tead of w6od in bis furnaces. 
The art could not ,at this time hai e reached any great 
* degree of perfection, as permission was sl’arther conveyed* 
by the patent for importing drinking glasses of fine 
quality from Venice, and another half ceiStury*^ elapsed 
before this country became independent of foreign 
supply for such articles. 

The second duke of Ihickingham has the merit of 
much improving the manufacture of British glass by 
means of certain VenetiatFi^rtists whom he brought to 
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London in I 67 O. Three years later than this jieriod, 
the first plates of English glass were made at 'Lambeth 
under the auspices of the same nobleman. The violence 
of party spirit which characterised that age should lead 
us to receive with caution all estimates of character 
which we may find • recorded by« contemporary blo- 
grajihers. Although ther^Was unquestionablj^ much of 
vice and profligacy ^n the geng-al conduct of this* 
favourite of a vicious and profligate master^ we injiy 
yet hesitate to^believe that the ipan who* could apply 
himself to the ^udy of letters, ^nd who,»in the manner 
above related, interested himself in proraotinft the 
useful arts of life, couldT it the same time be so utterly 
depraved both in mind and in heart as ^the page of 
history has represented. * « 

The first English establishment ot* magnitude *for the 
casting of plate glass was undertaken in 177^- A 
respectable body of gentlemen at that time,obtained a 
royal charter of incorporation, the privileges of which 
wore confirmed to them by act of parliament, under tJic 
style of The Governor and Company of British Cast 
Plate Glass Manufacturers;*' and ^having subscribed a 
capital or joint stock in eighty shares of- five hufldreef 
pounds each, conftructed works of considerable extent at 
Bavenhead, near Prescot, in Lancashire. This under- 
taking, the only one of thedwind existing in this country, 
and rivalled by none but ^hat of St. Gobain in France, is 
still prosecuted Ai^th success ; and some description of 
its operations will be found in asfuture chapter of this 
volume. • 

ft is deserving o^ remarl^ that the Chinese, whose 
early proficiencys/in the sister art of manufacturing 
porcelain^was so long unrivalled in Europe, have^yet ' 
no practical knowfedge of glass makin^^ and tljat even 
now there does not exist, tljroughout that extensive 
empire, a single glasshouse which is prqperly deserving 
of that name. Glass working is indee^l practised 
Canton ; but the art is there wholly confined to the re- 
manufacture of old or broke 6 *“ glass of foreign make. 
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'which is melted and either blown or moulded into new 
forms. 

A similar remark may be applied to the inhabitants 
of Hiiidostan. Dr. Tennant informs us that before 
the arrival of the Europeans, there was not a house in 
all India furnished with glass jvindows*,” although 
there are not many climates wherein such an employ- 
ment of glass is more conductive to comfort. The 
ki^wledge which the Jlindusi then possessed of the art 
of making this material was limited to the manufacture 
of trinkets and«trifling ornaments ; in fa^, their inability 
to construct furnaces of jiower sufficient to melt together 
the ingredients of which it should be composed rendered 
it iin|<ossibl6 for that people to apply themselves lo the 
, manufacture for any more useful purpose. Of its 
adaptation to optical’ purposes they were so ignorant, as 
to be astonished and confounded at the effects of a 
common spy-glass.'* t 

Any more minute enquiries into the origin and 
progress of the manufacture of glass would not offer 
much either of interest or advantage. The investigation 
would not connect itself with any facts that bear upon 
the history of commerce, nor throw any light upon 
questions of international policy. The ^,cneral abundance 
of materials needful for making glass, and the facility 
with which these can be con verted — at least into 
articles fitted for common use — are opposed to its 
becoming under any circumstances att object of great 
monif ntjin foreign co^rraerce. The advantage possessed 
by tins country in rue superior quality and abundance of 
its fuel does not offer sufficient «3ompeuBation for ‘the 
heavy charges that would attend the transport of such 
bulky articles to countries which themsdves ])ossess 
adequate means lor prosecuting the manufacture. 

Glass making, in its various divisions, has long proved 
a very considerable branch of industry in this kingdom ; 
and although, for reasons that will be noticed, our 

* Indian Recreations, vrl ' p.3S). 

t Mill's History of Brit. Iiidi4, vol. i. p. 361 . Quarto edition. 



CHAP. I. * HISTORICAL NQ;riGES. 141 

continually growing power of attaining* comforts has 
not occasioned a corresponding increase in the quantity 
retained for domestic use, our colonial relations have 
always insured a very considerable export trade to the 
manufacturers. 

• The portion of gla^s made in Gceat Britain; and re- 
tained for home sale, has long been conver^il into a 
source of considerable national revenue. If articles of* 
domestic manufactuft ar^ at all legitimate objects *of 
taxation, it does not appear that any peculiar objection 
can be advanced against the extension oi the system to 
this particular branch of national industry. JThe^prices 
of such glass uteiTsiis as are of most common employ- 
ment cannot he considere 4 l great when viewe(> wdth 
reference to their beauty and the extreme convenience 
which attends upon their use ; whilfe upon articTes of a 
more costly description the duty comprises a comparatively 
small part of the price. It would therefore , seem little 
likely that any material check to the use of either 
description would be caused by even a considerable 
augmentation of the rate of duty. The result has, 
however, always disproved the coitectiicss of such an 
opinion, as every addition which has beeji made lo the 
rate of duty has 4 }ccasioned a most important falling ofl* 
in the produce of our glasshouses. 

In the year 18li an additional duty was imposed 
upon glass manufactures generally, which, it was esti- 
mated by the then chancellor of the Exchequer, would 
produce an augmentation of revjgnue to tlie extent of 
328,000/, The imiuediate consequences, however, of 
*thk3 measure, so fac disappointed the expectations of 
tb* minister as >> occasion t falling off in the quantity 
manufactured throughout the kingdom of ratiier more' 
than on# third, by which means the anticipated increase 
of revenue fell short by the su^ of 183,1)00/. 

The general evil condency of this system of taxation 
cannot, perhaps, be better or* more cle^ly exemplified 
than by the statement of a few simple facts coqnected 
with the manufacture of gl|st.<^' 
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The average quantity of all descriptions annually 
retained for home use in the three years ending in 1793 
was 373,782 cwt., while the average quantity consumed 
during the three years ending in 1829, amounted to 
364;1 5(i cwt; showing an annual decrease in the nianufac* 
ture of 9O26* cwt., notwithstandiqg the great increase of 
population and the still greater strides in civilisation 
* made during the interval by all classes of the commu- 
nity. ‘ ^ 

If the quantities produced during gqual periods of 
three years, immediately preceding and following the 
last and most considerable advance in tTic rate of duty, 
are then contrasted with eacl*' other, the effect appears 
in. a yet more striking pqiiit of view. The annual 
average quantity made for home use during the three 
years ending in 1812 was 413,414 cwt., while the 
average of the three following years ending in 1815 
was 2f)4,931 cwt . ; showing an immediate falling off of 
148,483 cwt., being upwards of 35 per cent, upon the 
larger quantity ; a circumstance which could not fail, 
among other evils, to bring distress ami misery upon 
a considerable number of operative manufacturers. 

0;i the other hand, a diminution in the rate of duty 
on plate glass was effected on the 5tii of July, 181 9, 
it being then low^ered from 98 a*. to i)cr cwt. As 
a consequence, the quantity ma:iufacturod has since 
been steadily and progressively increasing. During the 
throe years preceding the abatement, the average quantity 
annually, manufacturefl was 6209 cwt.', yielding a gross 
revenue of 30,424^.,- whereas the average quantity made 
during the threip years ending m 1829 amounted to 
15,235 cwt., and the revenue produc^"d was 45,7C54, 
being an increase of more than 50 per cent., derived 
from a rate of duty diminished to the extent bf 40 per 
cent. 

Could any facts more forcibly point out the pernicious 
tendency of heavy duties upon articles of domestic 
maip^cture, or tuore clearly indicate the course which 
it were wise to follow ^remodelling to as great an 
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extent and as quickly as is practicable, tliis branch of 
our financial system ? 

It is iraich to be- regretted that any circumstances 
should have arisen to delay the execution of the ex- 
pressed intention of the government altogether to re- 
move die duties upoi^ glass. Wl^pnever this ineastfre 
shall be accomplished, it can hardly fail to induce such 
an extension of the manuTacture as will prove generally * 
beneficial to the coiAnunUy- The abolition of tlnjse 
duties would be^iccompanied by the still further advantage 
of removing all those vexatious regulations, and restric- 
tions under whicli the manufacture is now (Virridtl on, 
and uhich ^\ill cea?e, as*a» matter of course, wlien the 
article is no longer an objec^ of revenue. • • 

It is principally owing to restrictions that so much 

foreign glass is now brought into fliis country *in the 
face of iJiat may be considered an amply protecting 
duty. Foreign manufacluiers are allowed^ to make 
any and every article out of that quality of glass which 
will most cheajdy and advantageously answer the end, 
wliile our oimi artists are foi*bi(Uhni to form certain 
objects, except with more costly nfaterials, which pay 
die higher rates of duty. Nor is this re^ttilctioii'^nly 
commercially wrqiig, since it forms matter of just com- 
plaint on die part of chemists, that they arc unable 
to procure utensils fitipd fqj* effectiiig many of the nicer 
operations connected with their science, because the 
due protection of the revenue is thought to reejuire 
thai such utensils shall be formed out of that, quality 
of glass alone which, «part from considerations of 
is otherwise, fgiin its properties, really unfitted 
fqj^he puri>ose. ^Relaxations are, indeed, sometimes 
made on this head iu particular cases by the com- 
inisbionert of •Excise ; but the trouble* necessarily at- 
tending applications th a ]mblic hoasd greater than 
can be compensated by the trifling money advantage 
that can result in each case to t];ie manufacturer, lUd the 
interests of science are, consequently, ftiade to 
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CHAP. II. 

0!k THE VARIOUS INGREDIENTS EMPLOYED IN MAKING 
GLASS. 


gIass^vviways roMPo<rD or ailea \wrii alkau. — DiiiruiNT 
pvscKirnoNs oj* oi 4ss. — sea-sanp. — -soda aad roiAsii.— 

FEAIlI^ASJ1.»»BABiri.A. Krfp. OOD-ASHF S. MlJRl . 

» lIlirVllGl. — M1MIT\1. — MANGA NJt/i. ABSP M( . J'OUAX. 


(iJAIK. 

4' 

Under the gcperal rfaroe of glass^ chemists com])rehend 
all niinerd substances, whicli, on tlii* ap])li cation of 
heat, pass through a state of, fission iiito haril and brittle 
massifs, and whicli, if then broken, exhibit a lustrous 
fracture. ]\Io'-t glasses a/e transpaienl also ; and the 
noiucidstencc of this jiropcrty is generally owing to the 
presence of some foreign and unessential substance. 

The glass of commerce — diat beautiful manufacture 
to which the generic name is most commonly applied — 
docs not include so wide a range of boilies ; and is al- 
ways composed of some siliceous earth, the fusion and 
vitrification of wh^ch has lieen occasioned hy certain 
alks^'inc eaiths, or salts, and sometimes uith the aid of 
metallic oxides. ^ 

There are five diffcient and distinct qualities of 
glass manufactured for domestic purposes*,' viz. 

Flint glass, or crystal ; 

Crown or Cemian &heet glass ; 


Broad or common u induw 'glass ; 

Bottle 0 ‘^common green glass ; and 
Plate glass ; ^ 

the materials and tlic pr^icesses use(lj.iu making wjjich 
form tlie subject of our present enquiry. 

Before commencing th6 description x)f a^iy of the 
manipulations employed in this interesting manufacture. 


it tfrill be lietter to give' a general account of the differ- 
G|^^|||teria]s' used, and to point out how the particular 
qn|npp of glaa^ arc influenced by the properties of 
tAlR^arious ingredici^g. 
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Each of the five descriptions contains^ in common 
with the others, two ingredients, which, indeed, are 
essential to their formation — silex and an alkali. 

The variations of quality, and distinctive differencSes 
observable in glass, principally result from the kind of 
alkali emjiloyed, and ^ts degree o£ purity, as well* as 
from the addition of other accessary materially; such as 
nitre, oxide of lead .or of mangapese, white oxide of* 
arsenic, borax, or chalk. • C 

Silex is not«quaUy proper in all its fbrms for the 
composition of gjass. Sea sand, Which consists of spheri- 
cal grains of fjuartz, so minute^ as to be qivilified for 
the purpose without afty ^n*paration except careful 
washing, is the form wherein silex is most con^nonly 
used for the puryiose in Eiigfand. All sea sand is not, 
indeed, ecjually applicable to the glalss-maker s purpose. 
That used in this country for making the liner descrip- 
tions of ware is usually obtained, either from the port 
of Lynn, in Norfolk, or from Alum Bay, on the western 
coast of the Isle of Wight. 

The best glass was formerly made with common 
flints, calcined and ground in the *mannei already de^ 
scribed, as used in the manufacture of^ pottery; and 
hence the name which it acquired of flint glass. The 
employment of silex in this form is now wholly discon- 
tinued in gl^shouse^, as it is known that some quali- 
ties of sand answer the pur]>ose equally well, wliile the 
labour and expeqpe of calcining and grinding are saved 
by the substitution. 

Both soda and pot&sh arc well^dapted to the pur- 
pose of making glasw Th^ are used in the form of 
c^Aonates ; that/is, holding carbonic acid in combin- 
ation with themselves as has|;s. The acid flies off diyr ing 
the proj^ess *of the ^manufacture, anfl the rej^ult is a 
compound of silex and alkali. ^ • 

As already stated, the quality of gla^s is h^i^mced 
by the degiee of purity of th^ alkali. For 
finest flint glass, jicarl-ash, which is'*potash iil^^W jr er 
form, must be used. Thit^ AScali must previJl^ be 
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Still further purihccl by solution and subsidence^ and 
then evaporating the fluid to' dryness. By this pu- 
rification a loss is sustained^ amounting to between 30 
and 40 per cent, in the weight of pearl-ash. Coarser 
kinds of alkali, such as barilla, kelp, or vrood-asheSi 
which' are combined with many impurities, are em* 
ployed for the production of inferior glass. Complete 
‘fusion and vitrification are accomplished by these 
inVians, the impurities even heiiij^ of a nature to assist 
towards the production of these effects. / The green. co- 
lour imparted .to glass, produced by the iron, which is 
preseWt in. a greater or dess degree in these coarser alka- 
line substances. Barilla, wlicR sufli?:iently cheap, is al- 
ways ‘^chosen preferably to , wood-ashes or kelp. The 
recent* abatement of the iShport duty levied upon this 
article of commerce 'will, therefore, probably tend to the 
increased consumption of barilla in glasshouses, 

A very ^inall proportion of nitre is used in the com- 
position of glass, to occasion the destruction of any 
carbonaceous matter which may exist in the ingredients. 
This salt must be added previous to the fusion of the 
glass. At a degred of heat much below that of the 
furnSJcc, nitre will decompose*, giving out much oxygen, 
and maintaining such metallic oxides as may he present 
in their highest state of oxygenation. It is thus of use 
in fixing arsenic, the volatile p?opcrty of which in- 
creases as it approaches the metallic state. 

Oxide of lead, in the form of either litharge or mi- 
nium, i,« essential tg, tlie making of flint-glass, into 
the composition of'which it enters very largely. This 
metal acts, in the first place, as a most powerful flux, 
promoting the fusion of' all vitrifiaMe substances^ at 
corjparatively low temperatipes. It is also permanently 
beneficial in imparting highly valual^e properftes to the 
gla^ which it forms ^part. This, by its means, is 
rendered much more dense; has a greater power of 
refracting rays of light ; possesses more tenacity when 
red-%Dt^ causing U for that reason to be more easily 
ivorked ; and is rendeicll more capable of bearing un- 
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injured sudden changes of temperature. * On the other 
hand^ glass, into the composition of which much lead 
has entered, is so soft as to be easily scratched and in- 
jured if rubbed against hard bodies. Such glass is also 
improper as a recipient for many fluids which are of an 
•acrid nature, by whijh it would fee corroded and fle- 
stroyed. Another great inconvenience attending tht' 
use of lead is this, that ?t does not become intimately* 
enough united with ftie other components for the whble 
mass to assume an uniform density. R will almost 
always happen^ that the glass srt the bottom of the pot 
contains a larger proportion of litharge than that*above. 
This iiiecjuality of densftty is continually increasing as 
the contents of tlie pot are ^liininished by the workman ; 
and it is thence impossible tfl withdraw from it any two 
portions whose densities shaU agree.** 

Monsieur Ciuyton Morveau has related a very curious 
exeini»lifl cation of this fact, which once qccurred to 
Jiiinself when experimenting in conjunction with Mon- 
sieur de BufFon in the plate-glass manufactory near 
Langres.t Remaining in the crucible was a portion of 
flint-glass in fusion, composed of thirty- I avo parts pow^ 
ilercd crystal, thirty-two parts minium, sucteen of4oda, 
and one part nitte. To this was added the re(j[uisite 
quantity of the ingredients commonly employed for 
forming {date glass ki th^ manufactory, and the whole 
was melted together in tlie fuiiiace. When the mass 
was sufficiently refined it was laded into the cistern, 
cast on the copper table in the usual manner, aj^d trans- 
ferred to the annealing furnace.* Its quality being 
Subsequently submitted to examination, the plate was 
fkKnd to be composed of two^listinct and perfectly level 

* ]\rr. Fa^ny has statc'd, in his ^aper on tho mnnufacturp of plaifc for 
oiitical purposes tv hiL'h^p]icared in the Phiiosopninal Transactions for 
IKK), that he found, on cx Jmining “ pots contaiiun^* glass notnnort; than 
six inches in depth, made from the usuyl inaterfals, and retained at a full 
heat for twenty-four hours the following tlitfereuces of specific gravity 
between the glass taken from the bottoms and surfacca^f the pots 

Top, - oriH difS o-ai 3-1^ il7li o85 3 81 3*31 3*30 

Kottom, 4-04 3 77 3 85 3*52 3*80 4T»3 *74 475 3-99s 3^4 

t Ann. de Chim. vol. Ixxiii. p. IIJ. W 

L 2 
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strata throup;li the whole mass^ the lower stratinn oc- 
cupying about one third of its thickness. 

So complete an instance of the precipitation of the 
denser through the lighter portion is not clse^where to 
be met with in the records of glass-making : its oc- 
cutrence in this particular occasion sliould probably’, 
he referred to tlie active agency of some cause which 
escaped tlic ohservati 9 n of the iwu ])hilof-of)hers. 

^It is a general effect of this inetjuality, that the glass, 
when wrought^ appears waved ; a tlefecr which is par- 
ticularly inconvenient ift that which is intended for the 
constrhctiiui of optical instruments. Glass is also fusible 
at lower temj)cratures accordifig to the proportion of 
lead vrtiich kt contains. Tlv-s quality, which would he 
mischievous ior some purposes, is, on tlie contrary, 
beneficial for othefs. It is often essential to chemists 
that tliey shall be able, during the progress of their 
experiiTients, to bend the tubes with which they are 
operating. 

Black oxide of manganese has long been used for 
clearing glass from any fold colour which it might ac- 
^cidentally possess ihroiigli the impurity of the alkali 
cinpttiyed, and in particular from that grtx’ii tinge which 
marks the presence of iron. This property of manga- 
nese, when in tlie form of an oxide, occasioned it to be 
anciently known as ylatis so^rp, a «.iaine wliich very ac- 
curately describes its use. Th^ cir cum .stances attending 
the emidoyiiient of this substance in ^glass-making are 
of ralhey a curious nature. When ackletl in a moderate 
proportion to any'*siinp]e glassy it imparts a purple 
colour; and should its quantity bi. much increased, this 
colour is deepcneil until the glass bec6rnes nearly blaft-k. 
lf,^hilc the mass thus colojured is still in fusion , either 
lyhite j^rsenic, of charcoal, or other c&rboiYaceoiis matter 
be' added, an effervescei^ce is seen to follow, and the 
colour becomes gradually more faint until it altogether 
disappears, and the glas« is rendered clear and trans- 
paraat. Provideit the green hue which it is desired to 
counteract be consider dbic;, the application of a very 
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• 

small -quantity of manganese is not followed by any 
sensible tinge of purple ; but the moment that the nro- 
portion is more than sufficient for the purpose, this 
colour immediately appea^rs, and must be corrected. 
Tills correction is performed in a very simple nianncr 
"in the glasshouse, by* thrusting into the pot of melled 
glass a piece of wood, wjjich, becoming charged by the, 
heat, causes the pnr^gle again to itfinish ; while a slijjht 
effervescence as before described, and the escape of nu- 
merous bubbles of air are plainly ,])erccptif)le. If nitre 
be then added^^^tbe purple colouf will be*restorcd. 

The reason for ^liese changes'it is not difficult *to ex- * 
plain. The oxide of * manganese imparts a purple 
colour, only when in a stato of high oxygenftition.*When 
bronglit into contact with carbonaceous matter, it^ is par- * 
tially depriveil of its oxygen, and loses its colouring 
proj>crty. I’he air bubbles which escape consist of 
carbonic acid gas, wbi<;b is disengaged by tike action of 
the charcoal on the oxide of manganese. The effect 
which follows u])on the introduction of nitre is of a con- 
trary nature, MMien made of a red heat this substance 
gives out oxygen in great abundance, and the m^ng^ 
nesc being thus re-invested with the oxygen of which it 
was deprived 1^ the cliarcoal, resumes with it the 
colouring property. 

Another Sdvaiitadb attending the use of oxide of 
manganese results from its projicrty of powerfully assist- 
ing in the fusion of earthy bodies. It also gives consi- 
derable density to glass, but t^'e same clisjrd vantage 
accompanies its use Js already h&s been noticed with 
regard to litharge. •Having from its greater specific 
gf^vity a tendency to settle towards’ the bottom of the^ 
pot, tlie^lass by this meai^ varies in density through- 
out its substance, in i^ddition to whicii circumst|ince the 
manganese acts injuriously uyon thb pots by corroding 
them at the bottom. • 

One of the uses of white o»idc of^arsenic has already 
been described, that, namely, of correcting the colouring 
effects of manganese. It is akdfi very powerful flux,and a ^ 
h 3 
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great temptation to its use is found in its cheapness. It 
should^ however, be employed with moderation. If a 
considerable time be not allowed for its intimate incor- 
poration with the other ingredients of the glass, this will 
appear clouded or milky ; a fault which will afterwards 
increase with the lapte of time. A'n excessive quantity of 
arsenic likewise occasions the ,"lass to beconte gradually 
soft and to decompose^ for which ro^son the employment 
of drinking- vessels in this condition is unsafe. 

Another, and a ht«rinless, application ' of arsenic in 
glass-making ii*, when it is introduced, into the fused 
mass in order to <lissipate any carbonaceous matters 
which result from defects in preparing the alkali. In 
this cdse, sriiall lumjis of white arsenic are intimately 
blendcci with the mass by stirring. The great heat 
causes it at once to unite witli and to carry off the car- 
bon in a volatile form, leaving the glass entirely free 
from carbonaceous matter, and nearly so from arsenic. 

Borax is used in prejiaring only the finest descriptions 
of glass : its employment is, indeed, principally confined 
to plate glass. It is too expensive to admit of its form- 
ing part in the composition of common desc^||»tions, 
although its use in all cases would he desirable, as its 
efficacy in promoting the fusion of vitAfiable substances 
is unrivalled. When borax has been introduced, the 
compound is caused by it UJf floW' with great freedom, 
and to be without specks and bubbles, which would im- 
pair beth its beauty and utility. Should the alkali 
ernplo)etl prove deficient in strength, a small portion of 
this salt will serve as *an effectual remedy. 

Lime in the form of cl^alk is ifseful as a very chdap 
flux. It is also beneficial in facilitatibg the operations 
of the workman in fashioning glass, and it has, the pro- 
perty of, diminishing its liability to crack on exposure 
to sudden and grerit variations of temperature. Chalk 
can only be use(i sparingly, however, in the glasshouse, 
as the escape of carbonic acid causes the ingredients in 
the pot to swell considerably during the fusion. The 
presence of lime in any e^c^csive degree would also occa- 
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sion the rapid destruction of the pots^ upon the substance 
of which it acts witli considerable energy. Gl iss 
wherein lime exists in excess is also rfndered cloudy, 
although the mass while in,fusion appears pei fectly pel- 
lucid, Not more than about six per cent, of lime can 
T)e added without risking this defeck ^ * 
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CONSTRUCTION^ OF FURNACES, ETC. 

* #» 

STABILITV OF FURNACE ESSENTIAL. FRITTING FURNACE, OB 

CAT-CAR. ITS irSE, ~ \VORKI^G FURNACE^'— MOUJIUF FUll- 

NACF. PROr/JIlTIONATt DIMENSIONS OF FUKNAC’E AM) TOTS. 

WOOD-FrUNACFS. CO.^IPAKATIVK CONSUAIirTlON OF l UVl. IN 

WOOD AND COAL FURNACES. — i-AMNEkLlNG OVEN. LIER- 

PANS. GJ-ASS-POTS. THEIK FORAIATION AND SEASONING. 

• 

Ft is efisential to the well conducting of the operations 
of glasshouses that their furnaces should be well and 
substantially built of the best materials, and according 
to the most approved construction. ^ 

Monsieur Loysel was so deeply impressed With the 
necessity of <levoting the greatest degree of fitt^ntion to 
this branch of the art, that nearly one hali^tf his clever 
^jeatise “ Sur TArt'de la Verrerie^' is occup^^£ttith its 
detfl^s. Thk author not only gives instruct owf for the 
choice of materials proper for construddng crucibles and 
furnaces ; but also points out the forms which will be 
found most convenient and jf Jvanlagcous. ' 

In tliis country, and smc<i'i the appearance of the 
work of M. Loysel, those operations connected with the 
useful arts which depend upon the agency of heat have 
become much bettei* understood ‘than formerly, so that 
principles for the right attainments of wliich it was tiieii 
necessary for individuals to search and enquire, and T^e- 
qu<|ritly even to experimentjr. are now become platters of 
evtry tjay practice, it cannot, ^lierefore, he necessary 
to imitate that author iiiball his lengthened initiatory di- 
rections for th^ digging and purifying of clay — in his 
description of the qualities that should determine our 
selection of this material, or in the detail of mechanical 
arrangements that will jilbite most efficacious in giving 
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durability to furnaces.* All these partioul^*s may safely he 
committed to the skilfulness of the professional builder. 

Some other points there are, however, connected with 
this subject, herein a greater degree of knowledge than 
is at present possessed is indeed desirable. To per-^ons 
•who have bestowed tl\^ smallest attention upon the jflie- 
nomena of .heat and combustion it can sca^-^ely fail to 
appear tliat science |ias yet jiii ajuple field for research 
there opciv^her investigations, and that the arts b*avr 
sJU to look r^r further and most important benefits at 
the liaiid of j)Jjilosoi>hy. “• » 

I'lic whole operations of the •glasshouse depcifd upon • 
tlie stability of its furnaces. In their original stiucture 
the prudent manufacturer «vLll, therefore, not beifttate to 
avail himself of the assistance of the ablest builders, and * 
to employ materials which aie best qualified by llicir 
density and iiifusihility for resisting the action of violent 
and long contiimiul heat. No |)rcseiit saving ni the cost 
of coiistiuction can at all compensate for the e\})eiise and 
interruptions occasioned by the necessity for frequent 
repairs, and still less for the losses of nine, labour, and 
inatcri^^ that woidd accompany casualties, the chants 
of which would be multiplied by want of pro])er 'atten- 
tion to the matlef s here jiointcd out. An equal, and per- 
haps even a greater degree of judgment is required for 
the selection bf matcAals proper to form glass-pots or cru- 
cibles, since these have, to withstand the action of heat 
111 as \ioleut a^ degree as any part of the furnace, and 
arc additionally exj)osed to injury from the solvent pro- 
perty possessed ])y soAie of the materials, for the fusion 
*of« which they arc eBiployed^ I'liese pots arc therefore 
lifade of the moSt refractory, that is, the least fusible, * 
materials, and are fashionql with every possible atteytion 
to their strength. * , * ^ ^ 

• 111 stating tJie dcgrecB of consi^tenvo of the clav most proper for the 
furnaces oi clitfertnt parts and stages ol their < oriitruetjun, Mr laiysel 
]iomts out a simple method of ascertaiiiini; the attain tients of thew degrees, 
which has the advantage of being easily accomphstied by any workman. It 
consists in dropping a leadeni ball of a giviii ’teiglit from a determinate 
height iipor the mass, which should hi of that density which will allow 
the iiall, iiv fli( foire of gravitation acgjifircd m ita debcent, exactly to bury 
rtetlf in the clay. 
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Three clifFerent kinds of furnaces are employed in the 
manufacture of glass. ( )ne, which is called the vtilcar^ 
a name corrupted from the French word valqualsf, is 
used for that calcination of the materials to wliich they 
must be subjected previously to their complete fusion 
and vitrification. This process, which is called 
a term likt^wise borrowed froi;i the French, is used for 
various reasons. In the first place,^it expels all moisture 
from tilt* materials, the presence of which ygi^^eild hazard 
the destruction of tin* glass-pots. Next^ it drives ofl‘ 
either wliolly otp in great part, the carbonic acid gas from 
the chalk •and alkalies *emiiloycd, by wliich means the 
swelling of ingredients in the ]>o'is is either prevented, or 
moderated within safe limits. Tliis calcination has the 
further advantage of destroying all carbonaceous matters 
that may be present in the materials. But the principal 
object of previous calcination is, that a chemical union 
may be effected, or at least commenced, between the 
silex, the alkali, and the metallic oxides. Otherwise, at 
tlie heat of the working furnace, tlie alkali would iuse, 
and its comparative levity would cause it to take its 
station at the surface, wliile tlie other ingredieute. would 
subsjicie towards the bottom. Tlie uneombinea alkali 
would, in this case, after acting upon 'and iujuniig the 
substance of the crucibles, be, in great part, volatilised 
and lost ; and a portion of the sand would remain un- 
vitiified, wliile the glass actually produced would contain 
an exct'jisive quantity of silica. 

Tlief^e^ibscrvations do not apply to the preparation of 
materials for making fiint glass, tiie fusibility of wliich 
is much greater than that of^ other descriptions, owing' to 
tlie presence of its large proportion oi lead. For this 
reas^p, manufacturers of kind of glass apply the 
precess calcinaStioii to the sand . alone, with the view 
of separating from It all .carbonaceous impurities, pre- 
vious to its admixture with the remaining materials. 

The name of fixed alkalies has been given to soda 
and potash to denote their property of resisting the 
destructive influence of 'tir;;. As they are volatilised 
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freely by subjection to a red heat, this property cannot, 
however, be strictly ascribed to either of these sub- 
stances, and the title must be understood only as 
distinguishing them from cother alkaline bodies, which 
are acted upon by comparatively low additions of tem- 
l^erature. • ^ * * 

The calcar is in the %rm of an oven abouj: ten feet 
long, seven feet wi^e, and two /ect high. The coal 
used in he>i(uw it is placed in a sort of trough on one 
side, and the flame is made to , reverberate from the 
crown of the ewen back to the frit. In ‘this operation, 
care is required t(^ keep the degree of heat sA alf times 
within tliat which woufd melt the materials, and at 
first below the point wherea^ the yet uncoiAbinecf alkali 
would be volatilised. 

The process must not be hurrie J at first ; but after 
two or three hours the temperature may be gradually 
raised until the mass becomes pasty. Having been kept 
in this state during three or four hours longer, it is then 
removed from the calcar and cut quickly, before it has 
time to harden, into scpiare cakes. These are piled away 
for futi||||e use. It is the opinion of many glass-makq];^ 
that fm is improved in quality by age ? under wliich 
impression some %mong them so manage their operations 
as not to bring their store successively to use until it has 
been prepared for at ftast ftvelve months. 

The working furnace »is that wherein the frit, when 
placed in tlic glq^s-pots or crucibles, is fully melted and 
converted into glass. These crucibles arc doep jiots, 
varying in size according to the Objects of the manu- 
faefurer, but sometimes large ,pnough for each to contain 
a *^011 weight of*g]ass. Twelve of these are usually 
placed, regular intervals, Jn the circumference of #¥ich 
kiln, their onfy opening being at the sidp nearef^t to the 
wall of the kiln, in which they meet Avith corresponding 
openings, so that the pots can he readily charged, and 
their contents as readily removed, by the workmen who 
stand in recesses formed by projections of the masonry. 
The external form of the t^i&^nace is circular, rising 
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conically from its base and terminating in a chimney. 
The interior is dome-shaped, and supported on arches. 
Flues are constructed under these for the admission of 
atmosj»heric air, which, rising through the lire bars that 
occupy the cetitrc of the floor of the furnace, the dame 
and heated air are iT?/ide to envelope the ])Ots, and thence 
pass on to the chimney issuii^ from the centre of the 
'dome. 

I' ♦* 





A very important saving h?, the article of fuel has 
lately been effected in one of the Loiylon glasshouses, 
that of i»Icssrs. Fellatt and Co., by substituting for one 
of the large twelve-pot furnace’s they had been ac- 
customed to use two similarly coiistructed, hut having 
only one half the diameter. The circumference of thbse 
twQf being together equsd tp that of the largg^ furnace, 
they ar^ made to contain as great,a number of pots, and 
of '*he same size, afe wera* formerly employed; while the 
internal area o{ the two, being together equal to only one 
half that of the furnace €oy which they are substituted, 
the pots are necessarily brought more than before within 
the intensest influence fire. The same chimney is 





It is said, that the weekly cxi)en(liture of coals has 
been lessened, by means of this alteration, to the extent 
of ten clialdrons. ^ 

• The dimensions of the crucibles and furnace should 
bear some relatiofi to each other. If the former, from 
their diminutive size, are much below the efficiency of 
the furnace, a very ' needifcss expenditure of fuel will 
be the result ; anti slu aid the crucibles be too large 
for the power of# the kiln, tlie heat will not prove suf- 
cient. In this case, an excess of fluxing matcr?als must 
used in order to form glass, which will be im- 
peiTect, according as ft is fused below the most beneficial 
dd^ree of teniperalure. l^he relative proportions of pots 
and furnjLce may be somev^hat varied ^according to 'the 
power of promoting cambustion, which .partly iepends 
upon construction and situatioh. Loysel recommends, 
that in general the aggregate area of the .rt*ucibles should 
be very little beyond one fourth 6f the ^rea of the furnace. 
The experience whereon this recommendation rested was 
drawn from the use of wood^ as a combustible, whief' 
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requires a p^reater space than coal for the developement 
of a given effect. The difference tlius arising would^ on 
the other .hand, be lessened by the necessity which we 
are under for covering the ppts ; whereas, if the kiln is 
heated by means of wood, these may remain uncovered, 
anfl tlfeir contents ^ will, in consequence, be more ef^ 
ficiently acted on by the heat.^ Loysel states *, as the 
"result of exj>crimcnts fontinueef during a whole year, that 
tht weight of dry beech woo</ consumed ii^ glasshouse 
furnace exetfeded the w’eight of coal burfit in the same 
furnace, «ind during an equal period, in^ the proportion 
of 4.')*lo Acconling to Lavoisier, the heating effects 
of wood and coal are in the jirtjportion of lOSy to fiOO. 

Th«f result of Loysefs experiment should consequently 
liave shown similar effects from the combustion of 45 
parts 6y weight of wood, and 24*8 parts of coal ; the 
difference between this last quantity and 28 being, pro- 
bably, tJie Joss consequent upon covering the crucibles. 

'fhe openings already mentioned, as serving for the 
introduction of the materials into the crucibles, and for 
the removal of the melted glass, are called hoacan. These 
may l )0 closed eitheif wholly or partially, according to the 
neeVof the workman, by means of movable collars, or, 
to speak more correctly, by temporary screens made of 
fire clay, (^n eitlier side of each bocca is a smaller cir- 
cular ojjcning, sometimes cabled horrareffOy but more 
generally by the familiar name of nose-hole, the partis 
cular use of which will be explained hereafter. 

The i»nncaling oven, or lier, is a long, low, rectan- 
gular ch:ini])er, heaK;<l at one end, and furnished with 
numerous sliallowr iron trays, wliieh can be passed easily 
along the level bottom of liie chamben. These trays are 
called tU‘r-pmus^ or frairhea; which names, togetlier with 
those of several Implements used in giasshousei^, are ovi- 
<le‘nt'ly adopted *froiii the^Freiich. 

As regards ^the structure of the annealing chamber, 
there is nothing that particularly requires notice, or that 
will not be ronderttl sufficiently clear by the explanation 
• L’ Art Vt ^ Vcrreric, p. 72. 



CHAP. III. 


CHUCIBLES. 


of its use that will be given in the folltAviiig chapter, 
while describing, in dieir regular course, the consecutive 
processes of the manufacture. 

Every glasshouse should possess within itself the 
means of making all the*crucibles and other earthen 
4jtensils that may 1 )e required for ^ts operations! liHie 
comeyance of these from any considerable distance would 
add materially to tlieir 7 ost, not only by th^ mere ex- 
jwnse of\»5jrriagc, but^hroi^gh the greater liability to frac- 
ture, whereto^ such unwieldy vessels would* in that case 
be subject. • * * 

These cruciClcs, or glass-pots^ should he yiade with 
five parts of the bPst Stourbridge fire clay and one part 
of ohl broken crucildcs gremnd to powder for that pur- 
pose. (jlreat nicety is requited in mixing these ingre- 
lUents and in working them togelhef, in order tft drive 
out from their substance every particle of air, the pre- 
sence of which would, by its t'xpansion in the furnace, 
occasion the iininecliate breaking of the pots. 

The method invariably ]»ujsu (‘<1 *<)r kneading the clay 
i’/g. J. that the workiiMii treads on it for 

\ ^ considerable tim# with his naked feet, 

1 turning it over from tiige to liin^T^o 

’^771? " every part may, in its turn, be 

' ifflH *^nhjected to the required pressure. 

An#attei^pt was recently made by a 
manufacturer to employ maclii- 
nery fo* the pur]»ose; but after having 
incurred considcfable expense, and exerted intgrh inge- 
nuity in perfecting hisiapparatus, tius gentleman has re- 
Tcrtpd to the old inartificial method, as lieing decidedly the 
best calculated to inhure the goofiness of his crueihle^'. 'Fhis 
attempt at improvement was not relimjuislied, until the 
losses wlitch were sustained In its prosecution became of 
serious moment. * p • • * * 

After the crucibles arc formed they are suffered to re- 
main for a considerable time in the aj)artinent wherein they 
were made, in order that they may di^ ec^ually through- 
out their substance, it is not^ indeed, considered pur- 
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(lent to remo^ them from this situation until they shall 
have been formed for at least a twelvemonth. 

F or some little time liefore a pot is put to use^ it* must 
be placed in an apartment wherein heat can be artilkially 
admitted^ and either raised of lowered at pleasure. It is 
than removed for a^ut three da^s to a furnace parti.-^ 
cularly appropriated to the baking of pots ; and her^ the 
Icmperatdre, which at first is iSodcrate^ is gradually in- 
creased, until at last it is ma^e nearly as inte^ as that 
of die working furnace, for insertion in w(uch tlie Cru- 
cible is then sufficiency fitted. 

With all the skill and care that can te employed in 
their manufacture^ these cnicillefe will frequently break 
during a vqry early period ^of their use, and the loss 
occasioned by that moans to the manufacturer is in manj 
v/ays cfiic of very serious importance. 
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• 

OK THK MANUFACTURE OF FLINT GLAM. 

X • . • • 

THK MST SEAtrTZrCTL AND COfTLT KIND OP OLAS8« — IMFOai AVCB 
OF ni^UALlTY FOA OFTICAX. FUAFOSSS. EXPERIMENTS »OR 
ITS IMfII^EMKNT — tftrOERTAXBN sf THE ROYAL SOOlErY *•— 
PROMOTE]^ ^GOVERNMENT. ^ WbTlNOUlSHZNO (ROFERTIES OF 

FLINT GLASS. TO WHAT OWING. IMFFERRNT COMPOSITIONS. 

PROCESS OF MINTING. — GIASS-GaIl. IT^ USE. — CURIOUS 

PHENOMP.NON. IMFLXHENTS. •— COLLFCTINQ GLAGS o1^ ROD. 

— MARVFR. PAAAlsbNF— STOWING. R»»BEATlNO. — 

EIONGATING. — FONTIL. FASHIONING. ^ DfTACHiyG. — 

RPMOVAL TO ANNEAIING OVeAiG— MOUl DING. ANNEALING. 
WH\ INDl&PENSABLJ), BOLOGNA FlllAl^. RUPERT' s^DROFS. 

Flint glass — known In foreign countries under the 
name of crystal — retains among us the title •originally 
imparted by its principal ingredient, although the use of 
flint in its composition has long bince been discontinued. 

This glass is the beautiful and peculiarly refulgent 
compound whereof the finest articlGs designed for dg;- 
mestic use or for ornament are made. Of -ail the vitri- 
fied compounds that arc manufactured, it is the hciviest 
and the most brilliant ; the one most easily fashioned by 
the hand of the worknltin^ and that which has the greatest 
refractive power. It is« also^ from the nature of its 
constituent materials^ the most costly. 

Vessels of flint glass cannot, however, he properly 
applied to all purposed. If, for instance, they are userl 
& Gontain carbonate taf ammonia, they will very soon 
become so exceedingly brittle, that the very slightest 
apparent cause will occasion nieces to fall out. Comnysii 
green bottle glass ft nojt liable to this objection. ^ 

Were we to judge from the practice ot different ma- 
nufacturers, in bringing together the irp^redients that 
form this compound, we must Jielieve, tliat to adhere to 
any exact proportions is by no means^indisiicnsable. In 
almost every different glassiJif^lisc a peculiar recipe is 

M 
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followed^ and no two writers upon' die subject agree in 
their statement of the exact doses wherein any of its 
components should be used. It is by no means believed, 
however^ that these vague proceedings are without incon- 
venience^ or that some particular compound might not 
b^ discovered and adopted which, for many purposes, 
^would be superior to every odv'r. 

The employment of diis spedef%) of glass in dfe con- 
struction of optical instruments renders ey^'i^ attempt 
towards its improvement a matter of universal interest 
and importance. A c&mmittee of scientific men have 
been lor some years engaged, at the pxpense of govem- 
ment> in a series of experiment!^ with a view to discover 
some composition by whicji glass may be obtained in 
large pieces, free from those defects which have hitherto 
circumscribed die power of telescopes within a narrow 
limit. In such investigations, however, great difficulties 
arc to be encountered ; and a long time is as necessary 
as great talents to overcome them. The progress which 
has been made by the committee, though not perhaps so 
great as the lovers of science could have wished, is still as 
grpat as the difficulties of the subject — even in the most 
able hands — vrould have led us to hope for, and is 
sufficient to justify sanguine anticipations of future 
success. 

The properties of flint gla^s which distinguish it from 
other vitiificd substances are owing to the presence of 
some metallic oxide. All metals, when oxidated, will 
combine with silica and alkali to form glass. Few of 
them are, however, properly qualified for the purpose, in 
consequence of their imparting colours to the mass. The 
oxides of lead and of bismudi are the only two which 
mpy be used in sufficient quantity without producing 
this inconvenience ; and as lead is by^^much the cheapest 
of these metals, it is ah -ays preferably employed in the 
manufacture. An over dose of lead will, indeed, dis- 
colour glass, imparting Ir it a tinge of yellow. 

It is essential to tlie goodness of the glass tliat no 
mpurities or foreign mktcers should be combined with 
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the lead^ and as the adulteration of its various oxides is 
both easily effected^ and difficult of detection, the glass- 
maker who does not prepare this substance for himself^ 
should make his purchases *only from persons on whose 

S robity he can rdy. Loysel recommends the nise -of 
as being less* susceptible of adulteration than 
the oxides of leaffi English glass-mafers more* 
irequentlj^^employ iitfiarge.^ * • 

The autiiu^ just mentioned gives as the* composition 
of crystal, where coal is employed las fue^, — 

\lhiite^and - - 100 par^s. • 

Red lead • - • - - 80 to 85 

Pearl-ash - - ^ - - 85 tp 40 • 

Nitre - -*•- -2 to 3 

Oxide of manganese - -• 0*6 • 

A^Tierc wowl is used for the reduction of the ingre- 
dients, and where, consequently, the crucibles may be 
left uncovered during the process, a different mixture is 
preferred. In tins, a much smaller proportion of me- 
tallic oxide is added ; and the assigned by 

M. Loyisel for this variance is, that the aii, having con- 
stant and unimpeded access to the surface ^of the gljiSi; 
supplies any defi^ency of oxygen, while the proctss is, 
through the more chrect application of heat, more 
quickly performed, ar^l the^lass when manufactured is 
harder and more durable. The proportions given for 
this compound are, — * 

White saend - - - 100 parts.^ 

Red lead -. - -.50 to 60 

• ^ I’carl-a&h ^ - - 30 to 40 

Oxide of q^senic ^ 0*75 to 1 

The specific gravity of this glass will not he so great as 
tliat of tlse former, compound in the proportion of §9 
to 32, and its refractive? power vj^ill evidciftly be ifhidler 
also. 

Messrs. Aikin, who, as a matter of ‘scientific re- 
search, formerly directed their minds 19 the consideration 
of tliis important branch of, manufacture, and who 
then made many experiments*connected with the art of 

M 2 
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glass-making, state* that a very excellent article may be 
made from — 

120 parts fine clean white sand ; 

40 - — — well purified «pearl-ash ; 

35 ■ litharge or minium ; 

13 — nitrd, and a small quantity of the bla^ 

r oxide of manganese ; 

the superior fluxing ‘power of the nitre supnl^ng, in 
that respect,, the difference \fhich exists in^e propor- 
tion of lead, between this compound and the first for- 
mula of Loys^l. To introduce so large a dose of 
metallic okide as is recommended by .the French author 
produces an inconveniently soft material. I'hat the 
proportion is excessive may well be inferred from the 
fact ascertained by.Dr. Priestley, that if a tube of glass 
so compounded be made *red-hot, and a stream of by. 
drogen gas be passed through it, the whole inner surface 
will be covered with a half brilliant black substance, wbidi 
results from a partial reduction of the lead, and moisture 
will appear at the further end of the tube. 

The result of many preliminary experiments made on 
a«c-»cent occasion by IVIr. Faraday, with the object of 
producing prtfecUy homogeneous glass for optical pur- 
poses, induced that gentleman to gi^e the preference 
to a compound of silica, boracic acid, and oxide of 
lead, brought together in sin^fle proportionals, and which 
he therefore designates a silicat^d borate of lead. 

'fhe important aim of Mr. Faradaf^*s enquiries in- 
duced him to neglect no one particular by which tliey 
could be forwarded', and he accordingly employed all 
tliosc chemical means with wliicli he is so perfectly 
acquainted to insure the absolute purity of the ingre- 
<litsits which he thus selected. , 

The oxide of lead was converted from the state of 
litharge into a nitrate hj^ first washing it and separating 
the carbonaceous and ferruginous particles, and then 
placing it in a clean eaithen vessel, and dissolving in 

^ Dictionary of ifjiCfnistJyj toL i. n. 4P& 
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dilute nitric acid^ so as to form a hot saturated solu- 
tion. After IS or £4 hours the crystals -which had 
formed were collected, broken up into small particles, 
and* repeatedly washed ip fresh clear por^^ions of the 
mother liquor, in order to remove any insoluble depo- 
sed matter. Wheq thus perfectly cleaned thd broken 
ci)i^als were drained, and then dried by being placed in 
a saSd bath and constantly sti^cd, after which the^ 
were pre^^rved in glass bottles for future use. • 
Mr. Faraday was enabled to procure* pure boracic 
acid in crystals from the manufticturers,^ subjecting it in 
every case, however, to careful examination, andr testing 
it by various agents t6 ascertain the absence of im- 
purities. . • • 

Sand from the coast of iT^orfolk needed no other pre- 
paration to insure its purity than toTbe well washed and 
calcined, and this was the only source whence Mr. Fara- 
day drew his supply of silica. , 

The previous fritting described in the last chapter 
was formerly performed for the manufacture of all kinds 
of glass ; but, as regards the kind under description, is 
not now adopted. The materials* are used in a state 
of greater purity, and the process is, on that accouift^ as 
well as for another reason already given, no longer con- 
sidered advantageous. 

The ingFcdients having been intimately mixed, are 
cast, by means of cleai^ iron shovels through the side 
openings, into the crucibles ; which, previously to this, 
must be brouglS; to a white heat. The pots aigs filled at 
once with the mixtures; but as thediulk of this decreases 
'materially in melting, a fresh portion must be added 
when this effect has bc^ produced ; and this operation 
is repeated until, by these successive fillings, the ve^pds 
at lengA beCome*fully ch^ged with ifidted glass. Be- 
fore any fresh portion of materials is aifded, that already 
in the crucible must be completely mdted. "When this is 
full, the opening through whi(^ the charge was introduced 
is materially lessened with wet day, A) that only a narrow 

^^3 
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hole remains^ through which the impurities may be re- 
moved^ and small portions of the contents may^ from 
time to timcj be drawn for examination. 

Immediately upon the materials being placed in the cru- 
cibles^ the heat of the furnace Is raised to its highest point. 
T}ic contents are soon observed to sink down in the state 
of a soft })aste^ and ere long become perfectly mehttt. 
(The glass does not^ howeyer/'*immcdiately thcp'upon 
appear transparent^ bi!?t loses its opacity by slow degrees^ 
as a white ]>o^ous scum^ known by the name Sf mndiver, 
or glas\^gafl^ lises through the mass and is removed. 
This s^um appears to consist of salts^ whi’ch more or less 
exist in alkalis^ and which saltr, havii^g little or no affi. 
nity for silcx^ and being specifically lighter than glass^ 
rise to the top. Another foreign substance is sometimes 
found at the botton of the pots^ and is removed when 
the glass is worked ofil This^ which is also called san- 
diver^ is of a nature altogether different from the scum 
before mentioned^ being a vitrified mass of metallic and 
earthy impurities. In die strong heat of the furnace 
glass-gall is exceedingly volatile ; so that^ if not removed 
as it forms on the srj-face^ it would all be dispersed in 
tte *ibrm of a dense vapour, very dark at first, and grow- 
ing wliite by degrees, as the glass becomes purer. This 
vapour is very corrosive, and acts injuriously upon the 
tops of the crucibles. 

Sandiver is purchased by refiners of metals, who use 
it Ha a powerful flux. It is libcessary that the whole 
of this substance should come away before the glass is 
wididrawn from the pots for u<%e, otherwise articles 
formed with it will appear cloudy, apd filled widi bubbles. 
A very strong and long continued heat is generally re- 
quired before the whole impurities are disdiarged. As the 
pro^ss advances,- the glass i^oves inc'^easingly* flexible. 
Heavier,^ and les'^ brittle, till at length the glass-gall is 
altogether thrown ofl', no more vapours rise, the bubbles 
expand, rise to*tlie surface and burst, and the whole is 
seen to be coloudes' and translucent. 
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In this fitate^ vitrification is complete^ bbt the glass is 
too fluid to be fashioned, and for fliis pur})ose its tem- 
perature must be lowered by stopping the draught of the 
furnace in that particular part where the crucible is 
placed ; the clay whcrewitfi its opening was lessened is 
removed, and thepperations of {he glass-blow<er may 
D^^mmcnced. 

Wllm cooled to thereat most proper foi^its being* 
wrought, 's, the glass lias ]pst its perfect fluidity, being 
of a consistent and tenacious mass, soft enough to yield 
to the sligiitest external impnessioii, yet capable of 
being bent, pulled, and fashioT\ed into all ipiagiiiable 
shapes, without d-acking or parting with its tenuity ; 
so that if in this state it Jbe stretched or.drawja out, 
it will preserve the form df a solid fibre, constantly 
decreasing in its diameter, and wil> not separa^ until 
reduced to the merest filament. AVhen no longer heated 
to redness, glass becomes rigid, brittle, and transparent. 
During the whole time employed in working a pot of 
glass, which varies from five to twenty hours, and is 
sometimes even longer, its consistence should be main- 
tained as nearly as possible at tli6» same point, and to 
succeed in this calls for considerable attention on the ffttrt 
of the workmen.^ 

The contents of all the crucibles do not come into the 
working state at the same pioment, but no injury arises 
from this cause, as glass may remain for a very consider- 
able period in the melted state without, in any respect, 
altering its qualities. The fusion and perfect refining of 
flint glass, as here described, are jisually completed in 
"iabout forty-eight h(«irB from the first charging of the 
crucibles. • * 

In the operations of a glasshouse it is, indeed, com. 
mon, pil!‘pos«ly to manage fhc vitrifying of the mateAals 
so that the contents &f the d^eron^ cfucibles shsdl be 
brought to the state proper for blowing in succession, 
that when the glass contained in one is* all worked up, 
that in another shall be in perfect readiness for use. By 
M 4 « 
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4]fiB amiaigeSxieiit the workmen experience no interrupt 
tion^ end the heat of the furnace is constantly main- 
tained^ wlfich last is a consideration of some importance ; 
for if, through any accident^, the temperature be allowed 
to sink in a material degree^ considerable expense of 
thne aftid fuel are n>quirod for its^ restoration. ^ 

It is by no means advisable^ to employ in the f yrm- 
*ation of the same glass vessel matmals drawn frjp^'i more 
than one crucible. Although die original composition 
may have been altogether identical^ and the fusion of all 
has been simvltaneoiisly carried forward in the same 
furnace^ s+ill a minute difference may, and generally will^ 
exist in the constituent proportions of each mass^ arising 
from an accidental variance qf draughty and consequently 
of heat, in different parts Sf die furnace^ whereby some 
crucibles may have'^been made to part with a larger pro. 
portion of their alkali than others. Any circumstances 
which intei^ere with the perfect sameness of quality in 
every ]>art of vessels formed of glass renders them more 
liable to break on exposure to sudden changes of tem- 
perature^ by reason of their differing tendencies to ex- 
pand and contract under such drcumstances. 

’^ihe implements used by glass-blowers are few in 
number^ and exceedingly inartificial in their form and 
construction. The principal one is simply a hollow iron 
rod or tube^ about five feet kng, upon onev^nd of which 

1^.4: 


the workman collects the quandt]rof melted glass that 
will suffice for forming the ardde intended. In this 
operation the rod is dipped into the pot and turned 
about several dmes. If the size of the vessel r^uires a 
con^d&rable weight of ^lass for its formation^ the rod 
is taken out and exposed momentarily to the current df 
air, by which means thf surface of the glass already 
collected is sfuffidtody cooled for a fresh pordon to ad- 
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here^ and this proceeding la repeated until eikmgV is 
collected tor the object. 

When the rod thus loaded is withdrawn from the 
crudible^ it is held for a f^w seconds in a perpendicular 
position^ the end to which the glass is attached being 

S I; to the ground, that by its Qwn weight the mflss 
i lengthenelKuitJ^yond tlie rod. The next oper- 
^ to roll the g^ass on the fl^t surface of a smootli 
horizontal iron plate called the marver^ a name corrupted 
from the French word marbrt " By tlhs means the 
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particles of glass are agglomerated in a cyhndncal form^ 
which 16 then <!ldled by the workmen a paraisqp, The 
workman then apphe»his mouth ta the other end of the 
*tubcj and blows strongly thiough it^ so that his breathy 
penetrating the aentre of die red-hot glass^ causes it to 
be distended mto a hollow globe. The pressure of ^the 
breath Ihust^ be tsontinued upon the* tube for a few 
seconds to^prevent the return of any pArtion ot^tUe air 
through the tube^ otherwise the external air being more 
dense than the*heated portion^onfined within^ the globe 
would collapse : when it has been teipewhat stiffened 
by coolings this accident is ]}o longer to be apprdiended. 
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The globe, wliicli is not *jnade sufficiently thin by this 
one bhiwing, is then heated anew by being held a little 
within the opening of the furnace ; the breath is again 
employed as before, and so on repeatedly, until the 
proper size and thickness of the glok‘ are satisfactorily 
attained. 


Fig. 7. 



to be elongated, this effect is produced by giving to the 
rod, while the ^lass attached to it is softened by heat, 
an alternating motion dnilar to that of a pendulum, or 
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by dexterously making it perform a cirde svtifdy through 
the air The tendency to fly off Irom the centre which 
IS thus imparted causes the particles to change then 
relative positions in a degree corresponding with the 
amount and duration of thd force employed. 

At this stage another implement^ called a punt, 'vr 
pi IS brought\^to*use This is a sohd iron rod of 


a cyhndncal form, smaller and dighter than the tube 
used for blowing, and consequently more wuhm the 
power and manageAent (A the workman Upon one end 
of tins rod a small portion^of melted glass ab collected, 
by an assistant from the crflciblc, and in this state is 
apphcd to tin surface of the globe oA the side oj[tposite 
to that whtu It IS already attached to the tube The 
two heated substances speedily uniting, the glass is de- 
tached from the hollow rod, by touching it near to tlieir 
point of contact with a small piece of iron wetted with 
cold water Jlus occisions the glass to •’rack, so that 
by giving a smart stroke to the hollow rod, it ib imme- 
diately and safely separated, leaving a smajl hole at iiie 
pomt of rupture. • 


^ JFt^ 9 . 
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The worldnan now receives from his attendant the 
pontil with the glass vessel attached^ and after re-heating 
it at the furnace mouth as before^ seats himself on a sort 
of stool provided with arms sloping forward^ whereon 
tile pontil is supported before him in a horizontal posi- 
tion, the glass being at the man’s right hand. Thus 
placed he governs with his left hqjp^wc movemenCa of 
the pontil by twirbng it to and fro along tlie^^e^ms of 
the stool ; and taking in his right hand an iron instrument, 
called a pro»-cllo, the blades of which are connected to- 
gether by an .elastic bow, in the manner of a pair of 
1 ^ 1 ^. 10. sugar tongs, he enlarges or con- 


Sil tracts the vessel in different places 
-ill^ untd It assumes tlie requisite form. 


Fig. 11 . 



Any fi'ipcrabundance of material is cut away by the 
scisbora. while the glass is red-hot, witli as much ease as 
they could be made to divide a *piece of soft Icatlier. 


i 12. F^. 13. 



* 

If the article U of a kind, by its size or by the coin. 
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plex nature of its form^ to occupy much time in its 
manufacture, it must occasionaUy be re-heated, as its 
incrc^ing rigidity makes it more difficult of manage- 
ment. • 

To insure the requisite regularity in shape and size^ 
workman is vovided with compasses and a s<^e 
marked off in feetaS«^ inches. 

The finished article is detached .from the pontil in the 
same manner as it has previously been from the blowing 
tube, by wetting it at the point where it is attached, and is 
then dropped gently on a bed of ashes kept at tlie roan's 
side for the purpo^. It is then ‘taken up on X pronged 
stick, or^ when from its shape this mode is inconvenient or 
impracticable, the glass is mu^e to rest during the detach- 
ing process on a wooden shovel, wherein it conseryiently 
remains when divided. In either case a boy in attend- 
ance ‘conveys it without loss of time, and while yet 
exceedingly hot, to th(* annealing oven. > • 

If it be required to give to the article any form or 
pattern which is unattainable by the simple means 
narrated, a mould is provided, into which the glass is 
placed while it is being blown, and where it receives^be 
requisite impression with as much facility und faithful- 
ness as wax. • 

The process of annealing is one of very great imporu 
ance ; without it, glals wohld be liable to fly with the 
smallest change of temperature, and would break with 
the merest scra):ch or touch, or even without any ap- 
parent external cause of injury. The most reasonable 
.theory which has been proposed in exxdanation of this 
di^ositioii in unannhaled gUss is, that by its sudden 
cooling the external particles are forcibly contracted, 
while t^e inner substance, still remains soft and ex- 
panded. The two portions thus take qp positjpn;, in 
relation to each other, very different to those which they 
would occupy if the contraction of the vdiole had gone 
forward equally and gradually^ By this means a con- 
stant strain is kept up between the clifierent parts, and 
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should a force be applied of a nature to rive any the 
smallest portion asunder, the equilibrium of resistance is 
deranged^ and the elastic quality of the glass causes the 
injury to be felt strongly and suddenly, but very un- 
equally through the whole mass. 

This theory appears to receive •coq^rmation from the 
•well known and often repeated *fS])eriments madr with 
thp Bologna phial and with RupeTt's drops. The first 
is a phial of , ordinary shape made of any kind of glass, 
much thicker at its bottom than in its upper portion, and 
which has been suddenly cooled in the aii . This phial, 
from its {liickncss, will* sustain a conridcrable blow from 
any blunt instrument, or will bear uninjured the sudden 
concussion caused by the fa^^f of a leaden bullet. But if 
any h'rd and angular substance, such as a minute 
portion of gun flint or even a grain of sand, be drop, 
into it, the bottom will crack all round and clrop off 
In performing this experiment if the glass be very 
brittle and the substance dropt upon it be very hard 
and sharp — a cut diamond for instance — this has been 
seen to pass through the thick bottom with apparently 
as ^’ttlc resistance as would be offered by a cobweb. 

The greater compaiativc thickness of the bottom is 
an indispensable quality of these Bologna phials, and 
the more considerable this disproportion is made, the 
more easily will the ilisruption be effected. Some of 
these vessels have been struck by a wooden mallet and 
were uninjured notwithstanding the fo 'ce applied was 
sufficienlf to drive a nail into most kinds of wood ; and 
yet the glasses broke readily when a small shiver of 
flint weighing only two gr lins was gently dropt within 
them. Flint being very hard, and its angles when 
fractured extremely sharp, its points of .contact with 
tho glass are excwdingly small, so that the effect 
produced by even so very minute a portion of this sub- 
stance will be comparatively greater tliaji would accom- 
pany die blow given by a much larger but softer and 
less angular body, and which for these reasons would 
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divide the shock between a greater comparative number 
of particles of the glass. 

Apotber theory has been proposed in order to account 
forr this singular property in certain forms of unannealed 
glass. It has been imagined that the sudden cooling 
of glass may occa^n h to be more 'Electric than is con- 
sisteitf with the c^eOl^T; attraction of its particles^ and 
that the sudden setting in motion of the electric fluid 
which glass contains^ may occasion throughput the sub- 
stance a propagation of the motion of that fluids which 
will go on accumulating within itself a force too great 
to be at length resisted. ^ 

This theory is by no means free from difficulties^ yet 
it seems to derive support*i^om a fact which was de- 
veloped ill the course of some experynents madejbefore 
the Royal Society^ in wliich glass vessels, the tliick 
bottoms of which were only slightly rubbed by the 
Anger, broke after the interval of half an ^ hour had 
occurred from tlie time of rubbing. 

Rupert’s drops are small solid pieces of common 
green glass, which have been drojiped while red-hot into 
cold water, and which are thus caused to take the fepm 
of rounded lumps elongated into a kind of tail. , The 
spherical part will bear very rough treatment without 
injury ; but if the smallest portion of the tail be broken 
ofl^ the wh^e article^ instantly bursts into a countless 
number of fragments, so minute as to produce only a 
slight stinging sensation in the hand by the sudden 
disruption. If one of these drops is immersed in a 
phial or tall glass filled with water, and its end be 
brdken off with a pair of pincers, the bulb will be rent 
so suddenly and with so great a force as will infallibly 
break th^; vessel wherein it is contained* The stoutest 
wine or beer Lottie would not be strong pnough to. with- 
stand tlie shock. 

Messrs. Aikin completely destroyed this property in 
drops of this kind and in Bdogna phials, by heating 
them to redness and then allowing them to cool gra- 
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dually as in ihe annealing oven. Not only was their 
quality of bursting corrected by this treatment^ but the 
particles of glass were made to assume a closer union 
among themselves^ which fi^t was proved by the" ac- 
quirement of a sensible increase in tneir specific 
gfuvity. ‘ . 

The internal form of an oven has been 

already described. Articles newly; made are placed on 

♦ ^ 

* 14 . 



the shallow trays previously mentioned^ in the part of 
the oven most exposed to the heat of the fire^ wliich^ it 
will be remembered, is kinAled under one end only. 


Ftg, 15 . 



Each one of these tier pans or fraichcs, as it is%Ued, is 
pushed^ forward* in 'ihe oieii, towards the colder end, to 
make place for a fresh tray, until the articles, at length 
and in succession, reach, the farthest extremity of the 
oven, whence they *are taken, but little warmer than the 
temperature of the atmosphpre. 
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By the gradual luanncr in which they h*ave parted 
with their heat, time has been ahowed for the tegular 
contraction of the whole into an uniform and consistent 
substance. • 

In glasshouses where objects of various, magnitudes 
and descriptions ^re made, two or more of these ai Heal- 
ing ovens aie usually attached to each working furnace. 
Pieces which are large, an^ of considerable substance, 
require that the oven in which they are annealed should 
be made much hotter tHan is necessary for thinner and 
smaller pieces. • (Hass which is afterwards to pass 
through the hands of Jhe cutter is dways mad<? of con- 
sidgrable thickness, apd requires not only that the heat 
df the oven shoul|j be very considerable when it is first 
inserted, but that it should be withdrawn from this heat 
very gradually ; wliile, on llie contrary^ such articles* as 
are very thin may be ^[daced first ir a muc^ more 
moderate temperature, and may be removed altogether 
at the expiration of a few hours. • 

It is impossible by writtefl explanations to impart 
beyond a very faint idea of t^je truly curious and in- 
teresting operations of the glkss-blower. This difficulty 

N 
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does not arise from any complexity in the manipulations. 
Although^ in common with nearly all the manual arts^ 
these call for long practice to insure proficiency, they 
are yet exceedingly simple in tlieir nature. But there 
is sometliing more than ordinarily striking — perhaps^ 
even^ it may be said fascinating -r- in watching the pro- 
gress through which a substancf^p^eits usual state rigid 
and brittle to a proverb, passes, ^ by rapid conversion, 
from a glowing and shapeless lump to a perfect article 
of most elegant manufacture. The absolute control 
which tlic woikman exercises over its form and sub- 
stance : ».he perfect ease and security wherewith be pulls, 
and twirls, and divides, and joins, a matter which we 
arc adhustoikied to handle wi^h only gentleness and care ; 
never fail to excite a high degree of admiration even in 
those who have had frequent opportunities for witnessing 
the processes. 

The amusement to be derived from watching the 
operations employed in many branches of manufacture 
is probably much greater than would be imagined by 
persons who have not so indulged their curiosity ; and 
among these manufactures, although there are doubtless 
many that cell in a higher degree for our admiration as 
proofs of the genius and perseverance of man, tlicre is 
not one calculated to afibid, for the time, more gratifi- 
cdtiou tlian the operations a glusshouse.^ 
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CIUP. V, 

OX THE MANUFAf-TURe OP CROWN «LASSj BROAD GLASS^ 

aVT', bottle glass. 

• 

DESCRIPTION OF CROWN GLAS HARDER THAN FLINT GLASS'. 

MORE DIl'FICCLT TO rASiHOK. IPS COMifoSITION. IN 

FRANCE. IN ENGT.ANIl. FRITTING. ty.’Ll.FT. REFIN- 

IN<3. MTLFIIAtE OF SODA. VFGKT A JlLE CH All Ct^ fc. — GA- 
THERING. IILOWNG. ~ RE-HEATING. FLATTENING, 

TRANSFl- RKIKU TO PONTIL. TW'IRLING. EXPANDING. 

OPENING. ANNEALING. — •NICE REGULATIOTf OP AmpEK- 

• 

ATL'RE REQUIRED JN THIS PROCESS. QUALITIES OF CROWN 

GLASS. GERMAN GLASS. BROAD gIasS. INFeRioR TO 

CROWN C !. \ SS. ITS COMPOSITION. PREPARATION. WORK- 
ING. BURSTING. — OPENING. ANNEALING. BOTTLF 

GLASS. :MANUFA(’TURE CHEC'KI'D by increase niF DUTY. 

COMPOSITION. RKSTRICTJONS AS TO MATERIALS. THEIR 

BAD TENDENCY. SUPLRlORlTV OF BOTTLE GLASS FOR CER- 
TAIN PURPOSES. MATERlAl.S EMPLOYED IN FRANCE. AT 

NFW'CASTI.E. EASIilONING. MOUVHNG. FYPFRIMENTS 

* SUOGESTFD BY COUNT CHAPTAL. KLINGSTEIN. VOLCANIC 

GRANITE, •* 

• 

The name of crown glass is given to the best kind of glass 
commonly used in mating 'vfindows, and for like purposes. 
In the coin])osition of this material^ no lead or metallic 
oxide enters as^a fluxing agent. A small quantity of 
manganese is frequently used, and sometimes also a 
minute portion of oxfde of cobalt^ but the object of 
tln^e additions is th^ correction of a faulty colour in 
the glass, arising ifom impurities in the sand and alkali. 
This ki^d is, therefore, ii^ich harder .than flint glaes, 
and would consequently be more difficult to fasMop, if 
it wei:e desired to give it any olhcr form than tf.at of a 
plane surface. • 

The composition of crown ^lass varies considerably. 
Loysel has given several difierent recipes for its form- 
ation. That wliich he most recommends, stating tliat 

N 2 
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it is employed at the extensive works of St. Gobain^ 
consists of 

Fine white sand 100 parts. 

Carbonate of liirfe 12 

* Carbonate of soda, calcined^ 45 to 48 > 

Clippinjjs of crown glass '*100; 

A^lth such" additions of manganes^SAd oxide of cobalt^ as 
may be required to correct iinpui^ties and remove the 
colour which they occasion. ‘ By proper carefulness in 
selecting and purifying the ingredients, the employment 
of these metallic bodies is rendered unnecessary. 

Crown glass is generally made 'n France of 100 
parts of fine white sand, 50 to 6‘5 parts potash, 6 to 12 
parts dry slaked lime in pohrdcr, and from 10 to 100 
parts broken gla«^s of similar quality : this composition 
is frequently employed in that country for the manu- 
facture of common drinking vessels, as well as of window 
panes. 

In England, this material has usually been composed 
of fine Lynn sand, kelp, and slaked lime; the proportions 
of these ingredients varying according to the quality of 
tlie kelp, some kinds of which contain a greater amount 
of alkali than others. That from Orkney is considered 
to be the best, not only on this account^ but also because 
the glass of which it is made proves of a^ better colour 
tliaii where Scotch or Irish kelp is employed. The 
proportions when the kelp is o± the best quality arc. 
Fine sand 5 bushels or 200 p'^unds’ weight. 
Ground kelp 11 or 330 
Slaked lime 15; 

which ingredients are flitted in the calcar as already 
described, preparatory to their fusion. When put into 
the crucible, about half its ’veight of broken gHss, or, as 
it is j'alled in. the manufactory, cullet, is added to the 
frit. This compound requires to be kept in fusion at a 
high degree of heat during thirty-five to forty hours, 
in which time an intimate union of all the parts takes 
place; the glass refines itself by throwing off all its 
sandiver, and becomes peifectly transparent. It is not 
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advisable to use a larger proportion of broken and refuse 
glas.- than .hat just mentioned, because, by its long ex- 
posi}rc to heat when in fusion, glass is made to give up 
a portion of its alkali, bocofkiing liarsher and less fusible. 
The quantity of glass usually employed is serviceable 
sooner bringing tithe ^ot to a wofking state ; but any 
larger quantity would, for the reason just stated, sensibly 
alter the quality of %he whole contents of the cruci];>le. 
The fragments, before they are used, are, first heated, 
and then suddenly plunged into cold water, which 
renders it easy to reduce them to powder. 

A very superior quality of crown glass is made by 
the mixture of ^ 

1 20 parts by weight of WJiite sand. 


6*0 

Purified pearl-ash,* 

30 

Saltpetre, 

2 

Borax, 

1 

Arsenic. • 


If the colour should prove yellow, this is corrected 
by die ad<lition of a small quantity of manganese. 

Another composition, cheaper jJian the foregoing, 
consists of 

120 pounds of Wliitc sand, 

50 * Unpurified pearl-ash, 

^20 Common salt, 

*10 * ISaltpetre, 

4 • Arsenic, 

and 3 ounces of Manganese. 

This produces glass of a good and useful dftcription, 
.much employed in the manufacture of apothecaries* 
pluals. • 

The late M. Crehlen, who was well experienced in 
the art«of glass-making, gomposed cxpwn glass of^the 
following materials * :• — ^ ^ . 

Sand * 100 parts. 

Dry sulphate of soda 50 

Quick lime in powder ^ |17 to 20 
Charcoal 4. 


* Annalea de ChLmie et de Ph jaique. Fevrier, 1816. 
N 3 
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In this case the sulphuric acid in combination with the 
soda is decomposed by the charcoal, and driven off 
during the fusion, leaving the soda to unite with the 
sand. M. Gelilen made many experiments to ascertain 
t};e effects of various combinations with sulphate of 
soda, and found that'tliis salt could bc/jsed without the 
addition of any other saline ffux. mixed with only 
saxidi the vitrification was very iwiperfect even after 
long continued heat. The addition of lime caused it to 
succeed better, but the time and fiiel required were still 
excessive. M’^hen, however, by the addition of vegetable 
charcoal, the sulphuric acid w^s decomposed, and die 
powerful affinity destroyed, which prevented the soda 
from acting on the sand, vitrincation was produced both 
perfectly and quickly. 1^ used in any odier proportions 
than those above mentioned, M. Gehlen found that the 
fusion was accompanied % disagreeable sulphurous 
odours, and by an extraordinary swelling over of the 
materials. The decomposition of die sulphate of soda 
may be effected with equal advantage, either during 
or before vitrification, according as the choice of 
the manufacturer may be influenced by local circum- 
stances. 

When the materials arc properly fdsed and refined 
by the)removal of all the glass gall, the workman com- 
mences his blowing operations in exaedy the same 
manner as has already been described in the process for 
making'fiint glass. By repeated dippings of the iron 
tube intof the crucible, ho gathers as much glass upon 
its end as experience teaches him will suffice for the 
formation of a sheet of gla&r of the usual size, and which 
generally weighs from ten to eleven pounds. This lump 
he idlows to project beyond dv* extreme end of d\e tube ; 
and ffr^t rolling it on the iron plane before described, to 
give the glass a cylindrical form, he commences blowing, 
when it assumes the shape of a pear. A fresh heating 
and a second blowing enlaige its dimensions, and render 
its shape more globular. A third operation of heating 
and blowing stiU further 'enlarges the size of the glassj 




a small portion of meltod glass collected on the en^ of 
a punt^ and is applied to the centre o^ this flattened side^ 
forming an union with it exactly opposite to the hoUow 
tube^ which is then removed by wetting the glass near 
to their point of union^ leaving a circular hole in the 
glass about two inches in diameter. 


N 4 
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At this period the glass must be again held to one of 
the openings of the Airnace until it has become suffi<» 
cicntly hot and ductile for the further alteration of its 
shape. The workman then dexterously twirls the punt 


Fig. 20 



in his hand, slowly at first, and then more and more 
quickly, when the glass yields to the centrifugal impulse ; 
its diameter bccoipe greater and greater, the hole just 
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mentioned expands proportionally; and when in this 
continued progression the doubled portion opposite to the 
iroi\ rod^ and between the periphery of the gL^ss and the 
orifice^ is diminished to ah annulus or ring only a few 
inches wide^ this in an unaccountable manner ipstant^y 


Fig. 21 . 



flies completely open, and the glass is converted into a 
plane disc of fifty to sixty inches •diameter, having an 
uniform thickness throughout the entire i^ate, with the 
excejition of th^pot where it is attached to the iron rod. 

Fig. 22. 
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and Dvhere there is a knot or lump which is called a 
balVs eye. Twelve of these plates make up what is called 
a crate or side of glass. 

The effect of this operatioif upon persons who witness 
i^for the first time is both pleasing and surprising in a 
high degree. The force wherewith the glass flies open 
at the close of the process would he sufficient^ if its 
brittleness were not removed by heat, to break it into 
innumerable fragments. 

The plate^ when thus finished^ is detached from the 
iron rod by the usual method^ and placed resting on its 
edge in the annealing oven. S^me considerable- care is 
necessary for regulating the temperature at this stage ; 
for if the heat be too greats softened glass will bend, 
and for that reason «w ill be lessened in value, while, if 
die oven be not sufficiently hot, the plates are very likely 
to crack ; and if even this disaster should not happen, 
the glass wHl prove of inferior quality, and so brittle, 
that the glazier will be unable to cut it with any degree 
of certainty in the wished-for direction. 

Crown glass is sold, according to its quality, under 
four different denominations — firsts, seconds, thirds, and 
fourths — at considerable difierence of price ; that of the 
fourth quality not yielding to the mailufacturer nearly 
one half of the price of the first. These variations arise 
principally from the want of sufficient care on the part 
of the attendants, in main taining^ the necessary degree of 
beat in the furnace. If this is once suffcired to fall, the 
property of glass in being a very imperfect conductor of 
heat renders it difficult again to raise it to the former 
degree. In the operations ^f a large glass house it does 
not often happen that beyond one Uiird of the quantity 
made is of the first quality seconds and thirds com- 
pose the largest proportion. of the produce ; and it seldom 
occurs that the quality sinks below the latter of these 
two denominations. 

Large plates of crown glass, such as are required for 
glazing engraved prints, used formerly to be imported 
from Germany. This country has, however, for a long 
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time, been not only independent in this respect of ill 
foreign manufacturers^ but similar plates of English 
makg are exported to a considerable extent. 

Broad glass is a commoti coarse description of win- 
dow glass^ made of inferior ingredients^ and by a^ some- 
what different procesi? of manufaeture than that last 
described. The material principally employed for the, 
purpose is soap-boiler 9^ waste. This compound is a pasty 
mass, consisting of the insoluble matter of ^the kelp or 
barilla, and of the lime which has been used to render 
the alkali caustic, together with a quanfity of salt and 
water. This substance Js united with kelp anS sand, 
and the mixture is dried and fntted. The proportions 
wherein the ingredients afe» used necessarily vary ac- 
cording to the quality of the principal constituents^ and 
the manufacturer must be guided by practical knowledge 
in apiiortioning the quantities. 

A very usual mixture is six measures of soap-boiler’s 
waste, three of kelp, and three to four measures of sand. 
I he quality of the last of these ingredients is of greater 
moment to the manufacturer than^ would seem to be 
generally imagined. Coarse sand is known to require a 
greater quantity of alkali for its fusion thafi that which 
is fine ; and as, Notwithstanding this, the glass when 
made does not contain the alkali in a larger proportion, 
it foUows, ^at the tfifference has been dissipated and 
lost during the process The carbonaceous matter, 
which would ii^ure the colour of the glass, is principally 
burned out, and the carbonic acid gas separated during 
the fritting ; after the* completion bf which, the mass, 
still red-hot, is removed with^iron shovels to the melt- 
ing furnace, die crucibles are entirely filled, and after 
twelve os sixteen hours' exposure to the proper degree 
of heat, the whole is perfeedy lytrified. ^ , 

The formation of this glass into sheets is thus per. 
formed: — The necessary quantity being collected upon 
the end of the iron tube, as already described, is expanded 
by the workman’s breath into a globular, or rather into 
an elliptical sliape, of about Ifwelve inches diameter, and 
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of the requisite thickness. This done^ the glass is 
carried to the mouth of the oven ; and the end of the 
tube through which the workman iias blown being clpsed, 
the further expansion by heAt of the confined air causes 
ijie glass to burst in its weakest part. While still hot 
and ductile, it is thfti opcne<l by A pair of shears through 
^ts entire Jeiigth into a flat plate^ which is then conveyed 
to^the annealing oven. • 

More thsqi one half of the entire manufacture of glass 
in Great Britain is composed of common gieen Imttlv 
gloisit. Tlie quantity olf this material upon i\hich duty 
has beeff levied, on an average^of thewlast six years, ex- 
ceeds 1 IjOOO tons annually. Ilowever considerable this 
amount may appear, it is^tAit greater than the annual 
averajj^ manufacture of a similar period commencing 
in the year 1 790 , — a fact which may be thought extra- 
ordinary, when it is considered that during die inter- 
vening years our ]) 0 ]mlation has been imjiortantly aug- 
mented ; that the comforts, and even the luxuries of 
life, have been brought within the reach of a much 
larger proportion of our fellow-countrymen ; and that 
our colonial markets have, in the same time, been very 
considerably extended. The circumstance of the rate 
of duty having been doubled would hA*dly appear cause 
suflicient for thus arresting the progress of consumption 
in an article so generally re(]l!iircd;* since this duty, at its 
highest rjte, has never exceeded eight shillings per 
hundred weight. A more minute cxaigination into the 
case leaves us, however, without any reason for doubting 
that to the increase *of the rate of duty, and to it alone, 
is to be ascribed tiie check given &> this branch of ftia- 
nufacturc. In the year 1812, when the duty was 4^^. O^d. 
par hundred weight, upwards of 13,000 tons o^common 
bot^e glass contributed^ towards the revenue. In the 
succeeding year, when an additional tax of 4 a. O^d. 
was imposed, 4he consumption immediately fell to some- 
where below 8000 tons.* From this extreme depres- 
fiion it has since ^adually risen, through the increasing 
numbers and improved condition of the community, and 



CHAP. V. BOTTLE GLASS. 1 89 

aided by a diminution of price^ independent of the duty; 
but even now the manufacture has not reached within 
tons of the point which it had attained in the year 
1812 ; thus in a very striking manner verifying the re- 
mark so often made as to the variance between commoi) 
and legislative arithrr^etic, and proving the pernicious 
tendency of taxes levied upon articles of domestic ma- 
nufacture. It is to <be hoped that the improvement of 
the national revenue consequent upon the pro^jressive state 
of our manufacturing interests, and the constantly ame- 
liorating circumstances of many classes of the coTnmunity^ 
ivill enable the government to carry speedily into effect 
a measure already announced for abolishing entirely the 
duties upon glass of home fabric, when this branch* of the 
manufacture will assuredly receive ap impulse tl'^t will 
carry it far beyond the highest point to which it has 
ever yet attained. 

The composition of bottle glass is as little niniform as 
that of any other description of the niaterial ; varying 
greatly in different parts of the kingdom, and indeed in 
almost every individual manufactory. It is usually 
made of sand, lime, and sometimes clay, any kind of 
alkali or alkaline ashes which may happen to offer the 
greatest inducetiftnt in point of price, and sometimes the 
vitreous sl^ produced from the fusion of iron ore. 
Soap-makers’ waste is frequently used in the proportion 
of three measures to on» measure of sand. 

The rate of 'Juty upon this description of glass being 
only one eighth of that levied upon flint glass,* the ma- 
.nufacturers are restricted to the urfe of the commonest 
kihd of sea or river sand, les^ the revenue should suffer 
by the superior quality of this less burdened ware. This 
is unfoistunate, since, for the reason already given, i4he 
employ Trent of such coarse sai^d occasions the necessity 
for using a large portion of alkaline matter, and, in that 
respect, increases the charges to the glas»-blower. The 
impurity of the alkali, and thca abundance of fluxing ma- 
terials of an earthy nature, joined to the very high de- 
gree of heat at which they are fused, occasion the glass 
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to contain a very small proportion of real saline matter; 
for which reason it is better qualified than flint glass to 
be employed as the recipient of fluids which have any 
corrosive action. Chemical retorts and subliming vessels^ 
^id carboys for containing aqua-fortis^ should^ for this 
reason^ be always made with thi^ common glass^ which 
.has this further advantage over flint glass — that it will 
bCjir a much stronger heat withe at being softened or 
undergoing^any alteration of its shape. 

Bottle glass is a very hard and well vitrified substance^ 
and is of less^specific gravity than other descriptions. 
Loysel ^'ves, as the composi^on usually employed in 
France for the production of this material^ — 

^Joramon white or ye^ltfw sand 100 parts. 

Coarse kelp 30 to 40 

Lixiviated earth of ashes 1()0 to 170 

Fresh wood or other ashes 30 to 40 

Yellow clay, or brick earth 80 to 100 

Broken glass n// Uhitam^ usually 1 00 ; 
which composition does not produce any glass gall. 

At Newcastle upon Tyne, where the manufacture of 
bottle glass is much encouraged by the excessive cheap- 
ness of small coal, or slack, the manufacturers employ a 
mixture of lime and sea sand. This nfust he frequently 
wetted with sea water, which, on evaporating, deposits 
its salt; the soda contained fn thiil’ being the only alkali 
employed. lYlien combined with silica, and exposed to 
a high degree of lieat, lime appears to be endued with 
the property of decomposing common salt ; its presence 
is, therefore, essentikl to the success of tliis operation. 

Articles made of bottle glass are fashioned by the same 
process as those of flint glass, with the exception of wine 
anJ beer bottles,, the containing parts of wliich a^-e blown 
in qjejallic moulds^ in order to keep them nearly of an 
uniform size. The green colour of this glass is owing to 
die presence of a portion of iron in the sea sand, and, 
probably also, in the vegetable ashes of which it is com- 
posed. 

If, during the time wfien the workmen are employed 



CHAP. V. 


BOTTLE OlgiSS. 


191 


in moulding and blowing bottles^ the melted glass should 
— as indeed it frequently will — become cooler than is 
desirable for the purpose^ so that it is found necessary 
to replenish the fire^ so muah dust will be thus occasioned, 
owing to the description of coal employed, that the su^ 
face of the melted glass will be coveved with carbonaceous 
matter. The effect of this upon the contents pf the cru- 
cible is very curious# The glass, which had before re- 
mained perfectly quiet, becomes suddenly ^so disturbed 
throughout as to present the appearance of violent ebul- 
lition, and thi 4 whole mass is imfnediately crowded with 
an infinite number of minute air bubbles, whiclfj^ so long 
as they are suffered to remain, render the glass wholly 
unfit for use. • ^ ^ * 

The time that would be required^ for burning away 
this carbonaceous deposit, and to restore tlic glass to its 
former working state, would be so considerable, that it 
would be highly inconvenient to wait for the* production 
of this effect ; and it is therefore fortunate that a simple 
remedy has been discovered, which immediately apd per- 
fectly restores every thing to its former state. 

Whenever the accident here mentioned occurs, the 
workman has only to throw a small quantity of water 
into the crucible when the whole mass will be immedi- 
ately stilled, and the bubbles will as instantly disappear, 
so that the Vorkman^nay proceed without further delay. 
This curious effect 1ia» been referred to^the decompo^ 
sition by heat of the wafer, which, giving up its oxygen 
to the coal dust, converts it into carbonic acicb gas ; in 
which form it is inst&ntly driven T)ft' by the excessive 
lieat of the furnace, 8nd is di|^ipated in the atmosphere. 

In 1780, the efflebrated M. Chaptal recommended M. 
Ducros,^a manufacturer of ^bottle glass^ to make trial«of 
a new material for his purpose. This gentleman entered 
in consequence upon various experiihents, which were, 
many of them, to a certain extent, succesiful. The sub- 
stance thus recommended, and which formed the basis 
these experiments, was decomposed, pulverulent, ba- 
saltic earth. This is found in "great abundance in many 
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parts of France^ and is equally obtainable in tlie val- 
leys of all basaltic countries. 

In the first trial made of this earth by M. Ducros, it 
was fused in a glass pot without admixture with any 
qther substance; and the result obtained was glass of an 
exceedingly deep yel^w colour^ ami lustrous. In subse- 
quent experiments^ various proportions of sand were used 
in .conjunction with the basaltic easih. The mixture that 
was found to answer the purpose best was where equal 
parts of eacli ingredient were employed. This produced 
glass of an oliVte green colour. ^ 

There was for some time a considerable demand for 
bottles thus composed ; but owing to a difficulty which 
the manufacturer experienced in procuring materials 
having the requisite uniformity in their constituent parts^ 
the manufacture was, after a time, abandoned. 

M. Alliot has published die results of a course of 
experiments made by him with basaltic earth, with a 
view to the composition of glass. Not being able to 
have recourse to the furnace of a glasshouse, M. Al- 
liot was obliged to content himself with the less intense 
heat of a potter's tiln, wherein the different mixtures 
which he employed were severally heated during eighteen 
hours. It is probable that the results ^vhich he has de- 
tailed would have proved more satisfactory, could recourse 
have been had to a more efficient ihode of bleating. The 
experiments were all conducted in crucibles. 

No. / . was filled with the pure basaltic earth. This, 
in fusing, was converted intb* a black glass, which 
was opaque, and tolerably well Ihelted. 

No. 2. contained a mixture composed^'in equal parts of 
''basalt, ashes, and white quartz in powder. This 
produced a coftee-coloured glass, which was lustrous, 
and somewhat resembled porcelain in appearance. 

No. S. was charged with half basalt and half common 
sand. The glass produced from this compound ap- 
peared, when in the mass, of a blue-black colour ; 
but when small thin portions were examined, these 
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proved of a yellowish green. This glass was tolerably 
well melted. 

No. 4. consisted of one third each basaltic earth, sand, 
and refuse soda. The<resu1t was a transparent glas^ 
of a greenish yellow colour, and of good jualit;^; 
it was very smooth and shining, well melted, and 
w^ould have forme<l excellent bottles. , 

No. 5. consisted wholly of sand taken from the river 
Orb, in ihe immediate neighbourhood oj’ which tSere 
is found a considerable quantity of basaltic earth. 
The glass rfrorn this sand was well fnelted, and ap-i 
peared to be ejery way adapte<l for the manufacture 
of very good and serviceable glass bottles. 

• • • 

• 

I'liis basaltic earth is exceedingly well qualif^nl both 
for fusion by itself, and for employment as a fluxing 
material wliere other substances are used. -It is found, 
by analysis, to contain about 45 parts of ^silex, 1() of 
alumine, "20 of oxide of iron, f) of lime, anil from 2^ 
to 4 parts of ]mre soda ; three of these substances being 
'very powerful fluxes. 

Some other minerals have been proposed, on account 
of the soda 'which they contain, as well* qualifijd for 
making glass : iUch, for instance, is h’JiNijfifoin, which 
contains nearly one twelfth part of its weiglit of that 
alkali; buT as the t)ther •fluxing materials present in 
basaltic eartli are wantiwg in tliosc other minerals, they 
prove iar less -Jiiisible. 

'\Vhenever basaltic eaith is laigely employed in the 
composition of glass, •it usually pfoves of a daik olive 
gitjeii eoltjur, varyinj^ some i^jies to a very deep yelknv ; 
and it does not if^ipear at all probable that this colour 
could i|^ any material deg^jpe be corrected, 'i’he gWs 
produced is specifically lighter^than any common green 
bottle glass ; and at the same time is consi(terahly 
harder and tougher, so as to bear, witliout injury, blows 
which would infallibly break ordinary glass. The quan- 
tity of alkali which it contains is sin&ll — much smaller, 
in fact, than is required to»bfing glass of every other 

o 
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description to "a workable state. For this reason basaltic 
glass is peculiarly well qualified for chemical purposes ; 
as vessels made with it will resist the destructive action 
of corrosive liquids. « 

In addition to the experiments already detailed as 
having tieen made by» him wiUi basaltic earth, M. Alliot 
made trial of various other combinations for the pro- 
duction of bottle glass. He sucqeeded with the two 
following : — 

The first was a mixture in equal parts of ashes and 
a volcanic granite. This fused perfectly^ and produced 
a very line dark and lustrous glass, exceedingly well 
qualihed for the composition bf bottles, 'llie second 
was coinpos&l of 1 part orduiary soda, 12 parts ashes, 
and parts common sand. The glass thu^ formed 
was of a yellowish black colour, interspersed with veins 
of bluish white, which were opaque. 

When tbe duty shall be removed, and the manufac- 
turer finds himself without restriction in regard to the 
materials which he may employ, we may cx])cct to wit- 
ness some considerable improvements in this branch of 
the glass-maker's art. 
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ON THE MANUFACTURE OP PLATE GLASS. 

• ■ 

DIFFERENT DESCRIPTIONS OF PEATE GEASS. — BLOWN PLATES 

I.IMITED IN SIZE. CAST PLATE WORKS AT* RAVEMIhAD. 

DIFFICOETJES OI^THE PROCESS. MATERIALS. VARIOUS 

COMPOSITIONS. KORAN. — MIXING MATEREV-S* FRITTING. 

FITIINACKS AND CltrClKEES AT ST. GOKAIN. POTS. CU- 

VETTFS. 4tEG U LATJON OK 1 1 iAn’G. CJI STING TA KEFS. 

ARRANGEMFNT OF FOIINDERNT AT UAVKNHEAD. ANNEALING* 

OVFNS. PROI^JSS Ol* CASTING PLATES. — ANNEAl.lNG. 

SOITARING. GRINDING. ECONOMICAL IMPROVlj^lENT. 

SMOOTHING. EMERY PctwJER. COMPARATIVE VALUE OF 

1.AKGK AND SMALL PLATIS. POI.IS^HNG. .SILVI^RING. — 

rKFPAIt\T10N OF AMALGAM. MODF OF IT.S APPLICATION. 

BLOWING PLVTE GLAS*'* PUNCHING. PARTIAL CUTTING. 

TRANSJ’ER TO PON'TH« COMPLETION OF CUTTING. OPEN- 

ING. SJ/FS OF Pl.ATF.S. EFIEI’T OF SUN’s RAWS IN DLSCO- 

I.OCKING PLATE G1.ASS. 

Two descriptions of plate glass are made : one by blow- 
ing and opening, in the manner offroad glass, as already 
described; the other by casting the melted jnaterials upon 
a })lane nietali^ surface, somewhat in the manner pur- 
sued for making sheet lead. 

]*latcs*^)f glass wiiich jfre blown are necessarily limited 
in tlieir size, althiiligl^ some of considerable dimensions 
are produced in this way. When cast, the extent of the 
plates may be* much greater; and, indeed, is l^iited only 
by the very Jieavy ^^xpense attending tJic erection of 
Riachinery, and tllfc prosecjjtion of the manufacture in 
its various parft- Ditterent manufactories have beeif 
cstablislied at various times in this kingdom for thej^ro- 
duction of*platt? glai^? by blowing, lJut these, one after 
anotlier, have mostly been dL^contiftued. The 19s*t esta- 
blishment of this kind in London exj^ted a very few 
years since in East Smithfield ; but being a private esta- 
blishment, and the proprietors finfling it impossible to 
continue a successful compptJtion with the powerful cor- 

u ^ 
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porate body alluded to in the first chapter of this treatise, 
the works have been discontinued ; and the only place in 
England where plate glass of any great magnitude is now 
manufactured, is on the pre-niiscs of the liritisli Plate 
Glass Company at ilavenhead, in Lancashire, where plates 
are caA'^which equal, -hi every respect, tlie produce of the 
French manufactory at St. Gobain. The office of this 
corporation is at the foot of Blackfri^ars Bridge, in Lon- 
don ; and liere plates of glass of the most perfect quality, 
and of all dimensions up to the prodigious length of l60 
indies, may at all timerf he procured. , 

GrcatT-cluctance has ahvays been evinced by the pro- 
prietors of plate glass works to permit'their examination 
by visifers. “Persons are, indeed, occasionally a.hnitted 
to view the mysteries : but, cither by tlieir habits and 
rank in life, such individuals are unqualified or unlikely 
to describe what they witness ; or tlie relaxation is made 
in their favour under a seal of confidence, which renders 
it impossible that they should impart the informal ion 
they have acquired. The late Mr. l^lrkes apjiears to 
have been fortunate in this respect ; and having obtained 
permission to lisit die works at Ilavenhead, was not 
restrained from ]>ublishing a short, but interesting, ac- 
count of the processes which he witnessed. From this 
source the following description is drawn, as far, at least, 
as relates to the buil<liiigs and arrar.gements j»articnlarly 
used at llavenliead. 

care in the choice of materials, and greater 
nicety in conducting the processes, are required for the 
preparation of plate glass than aio neeiled in any other 
branch of the manufacture. Tlie materials einj>](>yed 
are sand, soda, and lime, to wdiicli are atkled manganese 
ai.>'l oxide of cobalt as decolouring substances. I'hc 
sand must be of tlic finest and whitest kind : the grains 
shouid be sharp, and of a moderate size ; if very small, 
they are likely to clot togedier, and consequently will 
not mix intimately with the alkali ; and if the grains arc 
large, they are on this account longer in being fused. The 
sand must be passed throUgli a wire sieve of the proper 
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closeness into water, and should he well agitated to repa- 
rate all dirt and impurities. The alkali used is always 
soda : tliis is preferred to potash ; as glass m-.de with the 
former substance is thinn^, and flows better while hot, 
and yet is equally durable when cold. The quality 
flowing freely is of the very first fmportance in casting 
large ]>lates, which, to be perfect, require to "be without 
streak or bubble. Another advantage attending the .use 
of soda is this ; — that the neutral salts of which it is the 
bas(% such as muriate and sulpl^ate of soda, and which, 
in t]]is instaiAe, constitute tlie glass gafl, are dissipated 
more readily by 4hc he^t of the furnace, than are the 
salts of wdiicli potasli is bhe base. Tiie jioda pmst be 
Used in a state of considcfafcle purity ; and is generally 
either that wliich is separated frojii 4be ashes of^xirilla, 
ami other soda plants, by lixiviation, or is i>roduced by 
the <lecornposition of common salt. 

Lime acts in promoting the fusibility of the silex and 
alkali, fulfilling thus tlie same office as is performed by 
litharge in the manufacture of flint glass From one 
fiftecMith to one twenty- fourth part pf the whole luaterials 
is the largest ]n*o])ortion that can pro])erly be used of 
lime ; any greater quantity would impair both the colour 
and solidity of flie glass. 

MaugatAif^isc Avouh^ liave^ the effect of giviiig a slight 
tinge oi'red; but wb^n mixed in a pro})er proportion with 
the blue of tlie cobalt, ;tiid both together are met by the 
natural slight yellow of tlie other materials, each neu- 
tralises tlie otlier, so that scarcely any definable tint re- 
, mains. ^ 

*In addition toj;liesc ingredients, a considerable quan- 
tity of fragments of glass, or, as it is called, ruI/H, is used 
in comkinatym with the fiKsh materiaks. ( )f these frfffef- 
nieiits tliere is alvva 3 bhn abundant ^pply in thc*glass- 
bouse, ]>roduced from wdiat is spilt in casting, and from 
the ends and edges tliat arc cut off in shafiing the plates. 
This broken glass, or vullvt, Is previously made friable, 
by throwing it, while hot, in(;p cold water. 

, It is considered that thS addition of one pound of 

o 3 
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pure soda is sufficient for four pounds of sand. But it 
is not enough, in the preparation of glass for casting, 
to apply the alkali only in the proportion necessary, to 
produce good glass ; much more than this must be used, 
iip order. to procure the requisite degree of fluidity. 


The composition giVen by Loysef as being used in the 
great works at St. Gohain is this : — 

White sand, 100 parts 

Carbonate of lime, 1 2 

Soda, « • 45 to 48 

Fragments of glass of like quality, l6o 
Oxide of manganese, * * OJ 


Parkes recomfhends the follqwing proportions, as quali- 
fied to produce platqs of glass of the best description : — 

Lynn sand, previously well washed and dried, 720 parts. 
Alkaline salt, containing 40 per cent, of soda, 450 
Lime, slaked and sifted, 80 

Nitre, 25 

Cullet, or broken plate glass, 425 

T 7(>0 

These quantities are required to produce one pot of 
metal, which will yield 1200 pounds of good plate glass. 

Another author states the following proportions as 
being found to produce very iinc glass: — 

Fine white sand, > 800 pounds 
Soda, 200 

'Lime, .80 

Oxide of manganese, “ 32 ounces 

Oxide of cobalt, r * 3 *■ 

Fragments of glass, 300 'pounds 

*The well known property of borax, as a powerful 
flux, ‘Kas occasionci* the 'suggestion that, by its means, 
glass made with potash might be caused to flow in fusion 
as freely as that wherein soda is employed. It has been 
asserted that small quantities of borax have always been 
used in the works at St.Gohain ; but the .sccresy observed 
in regard to all the operations carried on in that establish- 
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ment renders it impossible to say wliat degree of truth 
tliere is in the assertion. 

Great care is required in mixing the materials ; much 
more, indeed, than is calletl for in regard to other kinds 
of glass. The sand, lime, soda, and manganese, being 
properly intermingled, are fritted in small furnaces, 
ivhcrein the temperature is gradually raised to a full 
red, or even to a white, heat, at which point it is main- 
tained, and the materials are carefully stir/ed until va- 
pour is no longer given off, and no further change is 
un<lergone hjk the materials. This process of fritting 
lasts about six hq|irs ; ^nd when it is nearly completed, 
the remaining part of the ingredients, consisting of the 
cobalt and broken glass, af chadded. The Iatter,*having 
already been perfectly vitrified, doe^ not, conseqMcntly, 
require any lengthened exposure to the fire. 

The furnaces at St. Gobain, in which the perfect fusion 
and vitrification are accomplished, are eighteen feet long 
and fifteen wide. They contain two kinds of crucibles. 
The larger ones, wherein the glass is melted, are called 
and are formed like inverted truncated cones ; the 
other crucibles, which are smaller, are called riivetfes: 
these last arc kept empty in the furnaces, exposed to the 
full degree of heat, that when the glass is ready for 
casting, and is transferred to them, they may not inju- 
riously lower its tenJ)eratJre. The comparative size of 
these cuvettes varies actording to the dimensions of the 
plates which i^is intended to cast : when these are very 
large, the cuvette will contain one third of theicharge of 
^the pot; but in otlief cases its cal)acity is not greater 
tlAn a fourth, a fiftR, or a sfecth part of the contents of 
the crucible. * 

Thegnethod used for rqgulating the; supply of fuekto 
the furnace in the great works^of St. Gobain, is at^once 
so rude and so absurd, that one woufd hesitate to Relieve 
in the correctness of the narration, if it diil not rest upon 
good authority. It is said 4hat two persons are em- 
ployed, who, being disencumbered* of all superfluous 
clothing, incessantly run roun^ the furnace with a speed 

o 4 
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equal to seven leagues in six hours/* These men on 
th^ir circuit take up each two small billets of wood, cut 
to ascertain size, and heaped together ; tliese they de- 
posit as they run, first one and then the other, in the 
ojienings of the furnace, wliich by sucli means is fed at 
regularly recurring intervals of timt . Having continued, 
this intellectual employment, without ceasing, during six 
hours, the men then surrender their seven-league boots** 
to others, whose heels and hands aie siiiiilarly emplo) cd 
during an equal pcrio<l of time ; after 'which they are in 
turn relieved by' the first set of couriers. , 

From the time of filling the pots, it requires nearly 
forty hours’ exposure to strong' heat, ere the mateiials 
are pro^jejely Vitrified and in a^state fit for casting. The 
processes of filling the pots, and of removing llie glass 
gall, and the various appearances that ensue in the re- 
fining, are precisely similar to 'll hat has alieady been 
described in a former chapter. 

When the glass is thoroughly refined, the cuvette— 
which must be perfectly clean, and, as alieady men- 
tioned, of a temperature equal 'i\itli that of the glass — 
is filled in the following manner : — A copper lailJe, ten 
to twelve inches in diameter, fixed to an iron hanijle 
seven feet long, is plunged into the glass pot, and brought 
up filled wdth melted glass, which is liaiisfened to the 
cuvette ; the ladle during thirf transAerence is supported 
upon 9 strong iron rest, placed under its bottom, and 
held by two other workmen. This precaution is neces- 
sary to prevent the bending and giving way of the red 
hot copper under the weight of 'fluid glass which it 
contains. When by successive lairings the cuvette is 
filled, it is suffered to remain during some hours iu the 
fuj^ace, that the qir bubbles formed by this disturbance 
may liave time to lise and disperse ; an effect which is 
ascertained to have ensued by the inspection of samples 
withdrawn from time to time for the purpose. 

.Another essential part of the apparatus consists in flat 
tables whereon the '“plates of glass are cast. These 
tables have perfectly smooth and level metallic surfaces^ 
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of s-uitable dimensions and solidity^ supported by masonry. 
At St. Gdbain^ and formerly also at Ravenkead, th^ . 
tables were made of copper; the reason assi^d^fbr 
preferring this metal beings, that it does not discolour the 
hot incited glass^ while the use of iron was thought to be 
accomxmnied by this (^sadvantage. ^ These copper table? 
were very costly^ both from the nature of their material^ 
and the labour bestoyed in grinding and j>olishing their 
surfaces; and as the sudden access of heat that ac- 
companied the pouring over them of such •a torrent of 
melted glass occasioned the metal frequently to crack, 
the tables vrere by such an accident rendered useless. 
The British Plate Glas? Company having experienced 
several disasters of this nature, its directoris determined 
upon making trial of iron ; and they accordingly procured 
a plate to he cast, fifteen feet long, ifine feet wide, and 
six inches thick, which has fully answered the intended 
jmrpose — liaving, during several years of constant use, 
stood uninjured through all the sadden and violent alter- 
nations of temperature to which it has been exposed. 
This table is so massive, weighing nearly fourteen tons, 
^tliat it became necessary to construct a carriage pur- 
posely for its conveyance from the iron foyndery tn tlie 
glasshouse. It is suiqiorted on casters, for the conve- 
nience of readily removing it towards the mouths of the 
different aftnealing orens. • 

The foundery at Ravpnhead wherein tliis table is used 
is sakl to be=4he largest room under one roof that has 
ever yet been Vected in this kingdom ; it is 339 feet 
long, J 55 feet wide, an*! proi)ortio«iately lofty. A\'est- 
'inkister Hall, to whfch the superiority in this resj)ect is 
so commonly ascribed, is smaller — its length being 300, 
and its breadth only 100 feet. The melting furna^s, 
which are rtinged down flie centre, occupy ahput one 
third of the w^hole area of this hx>artment. The anneal- 
ing ovens are placed in two rows, one oii each side of 
the foundery, and occupy the^greatest proportion of the 
side walls. Each of these ovens is sixteen feet wide and 
forty feet deep. Their floo];8«being level with the sur- 
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face of the casting tablc^ the plates of glass may be 
posited in them immediately after they are cast^ with 
little difficulty and without delay. 

When the melted glass in the cuvette is found to he in 
the exact state that exjierience has pointed out as being 
Jhost favourable for its flowing readily and equably, tliis 
vessel is withdrawn from the furnace by means of a 
crane, and is placed upon a low ca];riage, in order to its 
renioval to the casting tabic, which, as it is pieviously 
placed contiguous to the annealing oven that is to be 
filled, may therefore be at a considerable distance from 
the melting furnace. Measures are then tckcMi for 
cleaning the exterior of the crucible, and for carefully 
removing with abroad copper^ sabre any scum that may 
have formed upon the surface of the glass, as the mixture 
of any of those foreign matters would infallibly sjioil the 
beauty of the ]date. These done, the cuvette is w^ound 
up to a sufficient height by a ciane; and then, by means 
of anotlier simple piece of mechanism, is swung over 
the upper end of the casting table ; and being throw’ll into 
an inclined position, a torrent of melted glass is suddenly 
poured out on the aurface of the table, winch must iircs. 
viousJy liave been heated, and wiped perfectly clean. 
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The gla^ is prevented from running ofF the sides of 
the table by ribs of metal, one of which is placed along 
tile ivhole leiigth of each side, their depth being the 
exact measure which it is desired to give to the thick- 
ness of the glass. A similar rib' attached to a cross ^ 
piece, is temporarily held, during •the casting, at the 
lower end of the tabic. When the whole contepts of the 
crucible have been fielivered, a large hollow copper 
cylinder, which has been made perfectly true^nd smooth 
in a turning lathe, and which extends entirely across 
the table, restil^g on the side ribs* is set ifi motion ; and 
the glass, during i^ progress, is spread out into a sheet 
of uniform breadth and thickness. Its length depends 
upon the quantity of mchqd glass contafned fh the 
cuvette : should this be more than js needed far tlie 
formation of a plate having the full dimensions of the 
table, the metal rib is removed from its lower part, and 
the surplus glass is received in a vessel of water placed 
under the extreme end for the purpose. 

Mr. Parkes, in speaking of this operation, remarks — 

The spectacle of such a vast body of melted glass 
poured at once from an immense crucible, on a metallic 
tabic of great magnitude, is truly grand ; and the variety 
of colours which ^hc plate exhibits immediately after the 
roller has jiassed over it, renders this an operation far 
more splendid and ^interesting than can possibly be 
described.” • 

At least twenty workmen are busily employed during 
this process of casting. From the time that th# cuvette 
is removed from the ftirnace, to thh completion of the 
castling by the hardening of«the glass, the apartment 
must be kept as free as possible from disturbance ; even 
the opening and shutting o£ a door migjit, by setting ike 
air in motion, disturb the surface of the glass, and thus 
impair the value of the plate. So *soon as it is com- 
pletely set, the plate is carefully inspected ; and should 
any flaws or bubbles appear upon any part of its surface, 
it is immediately divided by cutting*through them. 

When the plate of glass thus formed has been suffi- 
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ciently fixed by coolings it is slipped from the table 
gradually and carefully into one of the annealing ovens, 
where it remains in a horizontal position ; its treatment 
differing in this respect from tliat pursued with crown 
and broad glass^ which stand on edge during the anneal- 
ing process. As each oven in ^this manner becomes 
filled^ it is closed up by an iron door, the crevices of 
which are carefully stopped with nftortar or clay, to pre- 
vent any access of external air to tlic oven ; and thus 
to provide as far as possible for the gradual cooling of 
the plates, the necessity for which hasT aJrer.dy been 
sufficiently explained. When, the glass has remained 
during about fifteen days in these ovens, they aic opened, 
and thb consents withdrawv.'’ 

Thv plates have, then to undergo all the operations of 
squaring, grinding, polisliing, and silvering, in order to 
fit them for sale. 

The first process — that of squaring and smcotliiiig the 
edges — is performed by iiassing a rough diamond along 
the surface of the glass, guided by a square rule ; the 
diamond cuts to a certain dej)th into the substance, when, 
by gently striking tlie glass wdth a small hammer under- 
neath the part which is cut, the piece conies away ; and 
the roughnesses of the edge thus left* are removed by 
pincers. The plate is then taken to tlie grinding apart- 
ment. 

The next step is to imbed eadi of the plates upon a 
table or frame adjusted horizontally, ami made of either 
freestone or wood, cementing the glass s(*curely thereto 
by plaster of Paris. ' One plate being then reversed and 
suspended over another, tb« material employed in grind- 
ing their surfaces is introduced between the two, and 
tWy are made to rub slca(]jiy and evenly uj^n eacli 
other by means of mach^ery set in motion by a steam- 
engine. It was formerly usual to employ river sand 
and water, for»the purpose of abrading the surfaces ; a 
circumstance which entail«id considerable vraste and loss 
upon the manufacturers. The glass which was ground 
off, and which usually amounts to one half the weight 
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of the plates as they are cast, being thus mixed with a 
material which contained a portion of iron, was sold at 
a low rate for making bottle glass, or for scouring pewter. 
Mr. Parkes has calculated diat the loss of glass by this 
means to one establishment — that which was carrieil on^ 
in Kast Smithfield — a|nounted to t^otons weekly ; and 
that the exjienditure of sand in the same period w^as at 
least sixteen to twenty tons. 

A method has, however, been devised for saving the 
whole of. this glass, so as to render it avaifable for the 
maruifacture o^ the better descriptions, ft^his plan con- 
sists in substituting, for the river sand before mentioned, 
ground flints, which cohtaiii no portion of iron. A 
further great advantage aUending this mefliod that 
one ton of ground flints is equally effective wdth fl^ toiig^ 
of sand, and that the operation is completed in a shorter 
time than formerly. 

AV'lieii one side of each plate has been sufficiently 
ground, it is loosened from Wic frame, and turned over, 
so as to present tlic other surface to be grouml in the 
same manner. Sonic degree of pressure is employed, by 
loading the upper plate with weights, as the grinding of 
each ^idc a]»proaches to completion. The qirocess thus 
described used f<*:merly to last during three entire days, 
hut this time is now iiiuofi abridged. The greatest 
attention ijTrequired,*!! or<#er to finish with the surfaces 
perfectly level and parallel, for which end a rule and 
plumb line are employed. 

liy means o^this grinding, the plateKS will have been 
made level, and all iiitqualities in rtie surface will have 
bean removed ; but^tbey arc too rough to receive a 
polish : to fit them for this, they must again l)e ground 
with emery powder of increasing degrees of flneneiiit 
The preparation aftd sorting of this powder are effected 
in the following simple and ingeniou^ manner : — 

A considerable quantity of emery is pqj; into a vessel 
containing water, and is stirre^^l about violently until the 
whole is mechanically mixed with tht water. Emery is 
absolutely insoluble by such jntians ; and if the mixture 
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were left at rest during a sufficient time^ the whole would 
subside in layers; tlie coarsest and heaviest particles 
sinking firsts and so on successively^ until the very finest 
particles would range themselves as the upper stratum. 

^ Previously to this, however, and while these finest grains 
are still suspended ip the water, it|is poured off into a sepa- 
rate vessel, and the emery is there allowed to settle. A fresli 
supply of water is poured into tljjB first vessel, the con- 
tents of which are again violently agitated, and allowed 
partially to subside as before. A shorter interval is al- 
lowed for this«than in*the first case*; anc^then the liquor 
is poured off into a third vessel, by which means emery 
of the second degree of fineness is separated. This 
opersftion ia repeated, in order to obtain powders having 
/our different decrees of fineness : the deposits are then 
separately dried upon a stove to a consistence proper for 
making them up into small balls, in which form they 
are delivered to the workman. 

In this further rubbing together, or, as it is called, 
fimoothing of the glass plates, it must be understood that 
the coarsest emery is first used, and so on, substituting 
powders having increasing degi-ees of fineness as tlxe work 
proceeds. • 

This operation completed, the glasssis perfectly even ; 
and although the surfaces appear opaque or deadened, 
they are so smooth that no*scratclnness is jtc all ])ercep- 
tible. The plates are now agaiii subjected to a rigid 
examination ; and should any flaws or defects be percep- 
tible i9 them, wlijch had before escaped detection, tliey 
are cut up with anliamond into smaller plates, so that 
the blemishes are left al^ their edfees ; regard being hdd 
to economy in dividing the glass, as to produce the 
«^mallest possible number of pieces. Attention to this 
circumstance is of the greatest impdrtanefe to fhe profit- 
able working of 'the establishment, since the value of 
smaller plates bears no comparison with that of glasses 
having more considerably dimensions. This may be seen 
at once in referring to the following table, which has 
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been calculated upon some of the published prices of the 
British Plate Glass Company. 



Dimensions. 

i 

Surface in Square 
Inches. , 

Price. 

Price per< 
Sq. Inch. 

6'0 inches by SO inchea 

1,800 

10 

s. dt 
10 1 

a. 

1*400 

60 

- 

- 

40 

- . 

2,400 

16 

3 5 

l-6lV 

60 

. 

- 

50 

. • 

3,000 

22 

10*5 

1-800 

70 

. 

- 

50 

. . 

3,500 , 

28 


1-9*16 

80 

. 

- 

5b 

• . 

4,000 

34 

14 10 

2*085 

100 

- 

- 

50 

"» “ 

^ 5,000 

48 

9 8 

1 *327 

100 

- 

M 

60 


6,000 

63 

15 1 

2*550 

100 



70 

- • 

^,000 

80 

8* 2 

^2*757 

100 


. 

80 

- . 

8,ft00 

98 

4 10 

2*947 

132 


- 

84 

- - 

11,088 

200 

8 0 

?*337** 

160 

- 

- 

80 

- - 

12,800 

246 

15 4 

4*705 


The largest of the plates here mentioned is capable 
by reduction of being converted into 7 it plates having 
tlie dimensions of the smallest in ihe Table; whereas 
tlie price of the former is 23.^ times greater than that 
of eacli of the small plates, and more than 3^ times the 
aggregate value of those into which it would be divided. 

The reagon for thj^ projjfessional rate in the prices is 
sufficiently obvious. • ( ould such a degree of perfection 
be attained in the different processes of manufacture, 
that a certain t)» existed of producing plates of every re- 
quisite dimension, th^e would no, longer be any pre- 
lence for thus enhancing the prices of the larger pieces ; 
and plates might ^be sold iiifliscriminately at so much 
per superficial foot in tlie manner usual with linen or 
woollenrfabru:s, making pefliaps some fillowaiice for tlTe 
greater expensiveness of macliinery .required for-^rge 
than for small operations. . But such a degree of cer-« 
tainty is so far from accompanying the fabours of the 
glass-founder, that it is but v^ry raiyly he is enabled to 
finish and produce for sale any plates of extra dimen-* 
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sions /While it most frequently happens that the preseuce 
of numerous flaws and buhUes compels the ditision and 
subdivision of the glass into portions bearings for the 
very reason of their abundance^ only a small relative 
^ value. 

It is represented as being an iLteresLing sight to wit« 
ness tlie grinding and smoothing of a great number of 
plates of large dimensions^ which by means of machinery 
are thus made to move with great velocity, and in all 
directions. 

The next ptocess is' that of policing. # For tins pur- 
pose a substance is used, known in 4Commerce and the 
arts as eofvothnr or crocna wurtis. This is the brown 
red oxhide of iron, wliich renfains in the retorts afi-er the 
'^tilhitioii of the acid from sulphate of iron. 

The instrument used in polishing is a piece of wood 
coveml vith many folds of wcollen cloth, each fold 
having het\veen it some carded wool, so that the nhole 
forms a tolerably hard hut elastic cushion ; and this is 
furnished Avitli a handle for the convenience of the 
workman. 

The plate is imbedded in plaster ui)on the table in 
the manner already described, and the polishing instru- 
ment being wetted by means of a bAish, and co\ered 
with colcotliar, the workman commences his operation 
by rulihiiig the cushion backward liiul forward over the 
surface of tlie plate ; not, indeed, attempting to poJisli the 
entire surface at the same time, but o}»crating upon se- 
paiate phrtions, beginning at eacJi C(r»icr, and ]>roceed- 
ing r(^,ularly toward*? the centre/so as to leave no part 
unvisixed by its <lue degrero of atleiitioii and labour. ' 

Considerable dexteiity and practical skill are needed, 
flOt only to produce a high» polish upon the j>Ute, but 
also to Pfive this in an uniform degree over its whole 
surface ; and the finishing touches require, therefore, to 
be given witk great care and judgment. 

When one side is polislied, the plate is turned on the 
table, as it has before been in grinding and smoothing ; 
but as the white j)laster would appear through tlic glass 
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and hinder the iehr)niMai firom forming an acctiratf Jiidg-<> 
uent upon his progress in this second operation^ ihe ^ 
parevioudj ;|Kiliahed aide is provided with a cOating of 
red oolcothtr. When the^ workman is satisfied with 
the result of his labour upon this second surface^ the^ 
plate is taken from the table^ and being cleaned, is laid, 
each side in its turn, upon a dark blue, or black 
cloth, which, as it admits only a mc^erate light, shows 
by inspection any parts whidi may be les% elaWately 
polished than the rest : these must be retouched by a 
small polishing cushmn, in the s&ne mailner as before. 

It would be a fpoious^operation, if every small frag* 
mcnt of glass, such pieces, for instance, as are used in 
swing frames on toilet tabl^, must be pofished*8epar. 
ately. The edges of several of thesp pieces are iheM^ 
fore brought together for the purpose; but as all these 
are not of one uniform thickness, it is necessary to re- 
medy this inconvenience; and, in order to bring their 
surfaces to a perfect levd, they are arranged, with 
the side to be polished downwards, on a large smooth 
level plate ; plaster of Paris is then poured upon their 
upper surfaces, which are thus dbbedded together, and 
on being turned over, the whole number of pieces is 
found to be so fovel, that the polishing may be per- 
formed as easily and as effectually as it could be wiffi 
one entire ]|^ate. • * 

When the polishing of the plates has been satisfac- 
torily completcc^ they are washed with water, and are 
either removed to the ware-room for sale, or,»in case 
of their being intend^ for mirroft, to Ae silvering 
apartment. * • * 

The last process^used in a plate-glass manufactory is 
that wh^h is called silvering. This, yi common witb^ 
the greater part o*f the operst^pn connected with Jhis 
branch of the art, is simple, but requires practice and 
dexterous management for its proper perfeemance. The 
applicRtion to foe posterior susface of mirrors of some 
substance that will accurately refleef foe rays of light 
fidling upon them, is absolutely necessary to render 

F 
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them useful. ^ The substance -which has been found to 
to answer this purpose best is mercury ; which as it can- 
not be applied alone in its fluid state^ is^ by a partial 
amalgamation^ previously made to adhere to tlie sufface^ 
^nd afterwards to incorporate itself with the substance 
of a v^ry thin leaf of tinfoil. 4 

The ogeration is thus conducted : — A perfectly flat 
‘ and smooth slab of thick wood^ oa* of stone^ somewhat 
larger than any plate which it may be required to silver, 
must he enclosed within a w^ooden frame open at the 
top^ and having a ledge a few inches degp round three 
of its sides. The bottom of this frame is provided 
with a channel to collect the surplus mercury, and to 
convey it ttf a vessel pJacecL miderneath. The slab is 
fived a pivot, so that one end may be raised and the 
odier depressed at pleasure. 

When it is used, the slab must first be adjusted hori- 
zontally, and covered with grey paper stretched tightly 
over it. A sheet of very thin tinfoil, a little larger 
than the plate to be silvered, is then laid smooth upon 
the paper, and as much mercury is poured steadily upon 
it as will remain upon its flat surface. That end of the 
slab which is unprovided with a ledge is then covered 
with parchment, and the plate of glasses carefully slid- 
den into the frame, resting the whil^upon the i)arcliment. 

The art of properly effecting th:s deposit of the glass 
upon the foil consists in holding it, during its sliding, 
in such a position that it will dip into the mercury, car- 
rying abortion of the metal before it, bat without once 
< touching the tin in its passage. ^ By this means any 
dust or oxide which may rest upoii the mercury will be 
* removed, and no air-bubbles will rtvinain between the 
and the foil ; while, if the tin were touched, how- 
.'cver slightly, it would certainly be toVn. 

/W^ien the entire surface of the glass plate has thus 
pas$(^d, it is allowed gently to drop on the tinfoil, and 
to Squeeze out the super^uous mercury from between, 
and which is coUecr^ed in the channel already mentioned. 
The plate being then covered with a thick flannel, is 
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loaded at i;pgular intervals of space with considerable 
weights, and the end of the slab is a little raised, which 
assist^ the escape of the superabundant mercury. The 
whole remains in this situsftion during the entire day, 
the slope of the slab being gradually increased Jo fa- 
cilitate the dropping •of the merdury. At the end 
of this time, the plate is cautiously taken from the 
frame, carefully avoidfhg to touch the under side, than 
covered uniformly with a soft amalgam of tin and mer- 
cury. The plate is then placed in a wooden frame, and 
left during sevfrul days until the amalgam is found to 
be fzO far hardened as to adhere wdth a great degree of 
firmness to the glass: in this state not even a flight 
scratch would suffice for its*r«noval. The plate is then 
in a finished state, and fit for being framed. ^ 

The amalgam does not, however, acquire its greatest 
degree of hardness until some time has elapsed ; and 
globules of mercury will occasionally drop frofti mirrors 
jfor some time even after they have been framed. Por- 
tions of the amalgam are at times detaclied while in 
this state, by violent concussions of^the air, such as a 
thunder storm, or the firing of artillery. No patching 
can ever be applied in such a case that will be*suffici^'ntly 
lierfcct to escape detection ; but a white seam will in- 
variably be gerccptibltf at the points of junction. 

Although the procesj^es followed in blowing plate glass 
are, in most respects, similar to those used in fashioning 
broad glass, som^ difference is yet observed ; wddeh, in- 
deed, is occasioned as much through the increase?! bulk 
and weight of the m£i|s under operation, as on account 
of any real difterence in the composition of the fabrics ; 
only a very short account of the process can therefore 
be requirwl. . . • • ** 

The first instrument used is hollqw rod, agreeing 
in every particular, except its size, with that used for 
forming flint and crown glass. This ro(> is full six 
feet in length, and two inches in Hiameter ; made smaller 
at the end to which the breath is ajipfied, and widened 
at tlie extremity upon which the glass is gathered. It 

• p 2 
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is necessary to take up a considerable weight of glass 
upon this tube ; and some management is required in 
order to effect this. When the workman has gathered 
all tliat will adhere by turning the end continually round 
, in the pot^ he then withdraws it from the furnace ; and 
holding it over a bucket of watea^ sprinkles the glass on 
the end of the tube^ turning it constantly round in his 
h{md. When cooled in this manner^ the glass adheres 
firmly to t^e tube^ and is rendered by that means capable 
of sustaining a greater weight than it would otherwise 
support. Thb tube is then dipped agaun into the pot^ 
and tlie same process is repeajjed. ^ 


24 . 



After tjie third dipping it will hare gathered a mass 
of glass in the shape of a pear^ ten inclies in diameter^ 
and about twelve inches long. This must again be 
cooled with sprinkling as before ; and while the work- 
man is at the same time blowing into the tube^ so as to 
give a hollow form to the glass^ and to reduce it to the 
requisite thickness, the rod must be gwung to and fro 
with an alternating motion, in order to lengthen the 
shape of the material ; andcthis pc^oceeding being several 
times repeated, the glass assumes vhc form of a cylinder^, 
the lower end of whdch is hemispherical. 

* . rig. 25. , 


The assistant is then placed tliree f^t apd a half 
fro^ the ground, upoi\ a stool, whereon are fixed two 
upright pieces ot wood, with a cross piece of the same 
material, for^he purpose of supporting the tube with 
the glass. These are held by the assistant in an oblique 
position, the end Vith the glass inclining downwards, 
that the workman may bef able, with an iron punching 




f 

CHAP. Vf. PLATE GLASg. 213 

i 

instrument and a mallet^ to drive a hole through the 
centre of the hemispherical end of the cylinder. 


Fig^ 26- 



The glass now is subjected to examination 5 and if 
found sufficiently free from imperfections^ is held at th^ 
aperture of the furnace during seven or eight minutes 
to heat it again thoroughly. While tlius held^ the rod 
is supported in^its horizontal position by a small iron 
trestle placed before ^he ori^ce of the furnace conveni. 
ently for that purpose. The glass being thus sufficiently 
softened by heat^ the assistahu is again mounted upon 
the stool ; and resting the tube upon the wooden cit>ss^ 
piece, twirls it rounds while the workman insinuates a 


pair of large broad shears which are pointed at the end, 
into the hole previously punched^ This is gradually 

Fig, 27. ^ 



enlarged, until theaglass, through its whole length, and 
except at the part where it is attached to the tube, has a 
cylindrical fdrm. • • 


Fig* 28, 



The tube is then again restcid on the trestle, and the 
glass is re-heated af tlie furnace, when the shears are 
used to c^t the^ cylinder through half its. length, begin-»«> 
ning at the open en and proceeding towards the pojpt 
where it is attached to the tube. 
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The next proceeding is to take a pontile an instru- 
ment already described as being a solid rod of iron of 
smaller diameter than the tube, from which last the 
glass is now to be transferreil to the pontil. This differs 
from the instrument used for the like purpose in making 
^int glass, by having an iron cr^ss-pioce, twelve inches 
in length, placed across its extreme end, and forming 
with it the letter T. The postil being thoroughly 
h^eated at the end, a quantity of melted glass is gathered 
from the pot upon the cross-piece, which being presented 
to the diamettfr of the cylinder, the two^ohere speedily 
and firmly together : the hollow tube is then discon-i 
nected from the glass in the manner* already described. 


JF^gT 30. 



The pontil with the cylinder is now rested on the 
trestle, and presented;to the furnace, that the end which 
has hitherto been attached to the tube may in turn be 
heated and subjected to the same processes as have just 
been effected with the other end : the extremity is 
opened by .introducing the shears so as to complete the 
cylinder (Jig, 31.) j and tlien after a/resh heating the 





workm^m cuts through the remaining half of the length 
of the cylinder in’ a line with and joining to tlie cut 
already mentioned, so that die cylinder is divided on 
one of its through its entire length. 


Fig. 32. 



^ The glass is then placed with the cut side upwards 
^dpon an iron shovel ; it is separated from the pontil, 
and immediately removed to the hottest part of the 
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annealing oven^ where it gradually becomes again heated 
to rednes^. Advantage is then taken of the softened 
state of the cylinder to open it^ by the help of an ap- 
propriate iron instrument^* lifting up and turning back 
the cut edges of the glass^ until the whole is flattened 
upon the hearth of ^e annealing. oven. A small irQ|& 


riff, 33 . 



rake is then employed to f>ush the plate atong the floor 
to the end of the oven ; and when Ais has bee](^ 
through a succession of operations such as are here de- 
scribed, the door is stopped and cemented. All further 
processes are in every respect the same as are followed 
with plates that have been cast. 

The great size and weight of the glass render these 
operations exceedingly laborious^ so that a man and his 
assistant can hardly do more than thake one plate in an 
hour, nor can they continue their labour longer than six 
hours, resting during an equal space before they resume 
their toil. 

Plates ^hich arc Mown tannot properly he made above 
forty-five, or at mo?t fifty, inches in length, and with a 
proportionate breadth. They have sometimes been made 
larger, but are then too thin to admit of thei% properly 
^ bearing the processes*of grinding eftid polishing, and are 
b<!sides liable to wSrp, whi^ of course destroys their 
value when emplByed as mirrors. * 

It ^as long since obs^rved^ that J)y exposing 
glass to the*solar*rays, it is made to acquire a violet or 
purple tinge, and this so rapidly, fhat the altera&on is 
clearly discernible at the end of one or ty^o years. Some 
plates, originally colourless^ which had thus beconiie 
tinged, having been brought undffr the notice of ’Mr. 
Faraday, hewas induced to experiment upon the subject. 

i» 4 
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For tliis pur^e^ he procured three different pieces of 
plate glasSj were tinged so slightly as to appear 

altoge^er colourless^ unless when viewed through their 
e^es. Each of ^hese pieces was broken into two por« 
tionSj one of whidi was wrapped jqt paper, and set aside 
^in atdark place; while tha portion^^^ which it had been 
separated was exposell to the air and the light of the sun. 
This expodufp was commenced in tljr month of January; 
and in the following September a comparative examin- 
ation Was ntade. The pieces from which the light had 
been excluded exhibited no sign of chang^, while those 
, which had been exposed had, in this short &pac(‘ of eight 
months, acquired so consideralfie a (fegree of colour as 
would, uiiden other circumstajiccs, liave created a doubt 
reganhng their original identity. • 
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ON THE GOiqniKtil'ION OF ABTlFlCIAli OEMS. 0 

l.m AT INll RESr 1 ORltA^lT ATTACHED TO THIS BUEJECT. — DIF- 
H>RFNT rOMPOSniOHS lOV. ARTIFICIAL OEMS. 4 — MODE OF 

PliFVARATION. HOCK CRTSlAI 1 ORMP HLY ‘IMFLOTED. — 

NOT SUPLKIOR lO S\N». -^DIAMOND PASTES SEl ECTloV OF 

VAR101 S PASIES FOR IMIPAIING DlIFEKPNT bziEtS. — RTA&ONS 
lOR SUCH bEIlCTION. ^ ^ 

A vrRY considerable portion of every treatise on glass- 
makings which was in existence a century ago^ and which 
compHses nearly the whoie of wliat has eVer been pub- 
lished oii'the subject^ was devoted to the art of coi^CRiqg 
factitious gems. A great deal of mystery would seem 
to have been affected upon this subject on the part of 
the manufacturers, each one of whom was, or pretended 
to be, possessed of some secret recipe, which he thought 
superior to all others for the composition of these oma« 
ments. 


A corresponding anxiety to ac^re a knowleilge of 
these mysteries being evinced on the part of the public, 
the authors abore alluded to, so far acquiesced in this 
feeling as to load their writings with one receipt after 
another, hi almost ondles^ succession, and in following 
which the artist wa^ assured, that he might successfully 
rival nature in the production of these much-admired 
objects. * • 

The greater part •of the compositions thus recom- 
* iTkcnded, if indeed they wer^ ever used, have long since 
passed into negleft ; and it will not be l^nteessary, in tlie** 
present day, to insert more than a ver^^few directionsb^^ 
the sulS^ect,* which are given upon the authority of 
M. Fontanieu, as being well qualified, with the addition 
of various colouring matters, for counter^iting preqim 
stones. , 

No. 1. is composed of 20 parta of litharge, 
silex, 4 of nitre, 4 of borax,.and 2 parts of white arsenic. 
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These ingredients should be fritted together in a crucible, 
and afterwards melted^ in which state the whole must 
be poured suddenly into cold water. Any portion of 
lead which may have been revived in the metallic state 
-yvill then be apparent and must be separated. The glass 
may then be reinelted for use. • 

No. 2. For this composition, mix together 20 parts 
of ceruse, 8 of silex in powder, 4 ©Carbonate of potash, 
and 2 of bo^ax. When these are perfectly melted, the 
whole should be poured into wattr, and then remeltcd in 
a clean crucible; in the same manner as N#. 1. 

No. 8. consists of i6* jiarts of minium, 8 of rock 
crystal in jjowder, 4 of nitre, and 4 of carbonate of potash. 
These ingredients must be printed and rcmelted in the 
already described as necessary with the pre- 
ceding mixtures. 

No. 4. differs essentially from the three foregoing 
combinations in being without any portion of lead. It 
is made with 24 parts of borax, 8 parts of rock crystal, 
and 8 of carbonate of potash. The rock crystal, previous 
to its use for tliis purpose, must be reduced to a state of 
great purity, by fusing it with an excess of alkali, and 
dicn precipitating it by an excess of acid, in the form of 
an impalpable powder. ‘ 

No. 5. The processes necessary for the production of 
this species of glass arc muen moie complex than the 
preceding. In the first place, 8 parts of alkali are to be 
fritted with 1 part of rock crystal, which mixture must 
then be dissolved in water and saturated with dilute nitric 
acid. TJie silex which is preciihtated by this means 
must then be edulcorated and dried, when it will appear 
in the form of a very fine impalpable powder. I'wo 
of this must be melted in a crucible with ^8 parts, 
by weight, of the best ceruse, and the glass which results 
must be poured into water. Break this down and re- 
melt it with one twelfth of its weight of borax, and pour 
it again into water. If this last product is once more 
melted with one twelfth of its weight of nitre, the result 
will be a very fine hard glass, having an extremely 
beautiful lustre. 
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The length of time required for fusing hard glasses 
or pastes is at the least twenty-four hours. The process 
bei'ein directed, of pouring the melted glass into water, 
and then remelting, is foand to be of considerable use in 
thoroughly and intimately mixing the ingredients tcv 
gether. f 

Of the foregoing compositions. No. 1. be found 
extremely fusible, «on account of its considerable pro- 
portion of fluxing materials. It calls for tl^e employment 
of the very best description of crucibles, in order to 
widistand, f#r the requisite timb, the c<frroding effects of 
the mixture. any kind of glass into the composition 

of which lead has not entered, is applied to and melted 
on the interior surface ^^the crucible, b*o as to line it 
with a perfect glaze previous to usf, the evil jiwUf^nen- 
tioned will be materially remedied. 

In order to make a perfect glass, which at the same 
time shall be sufficiently workable, 2 parts of silex re- 
quire from 3 to 4 parts, by weight, of oxide of lead ; 
but a somewhat smaller quantity of the latter may be 
used, if the deficiciicy is made up by the addition of 
some other fluxing material: the* glass in this case will 
prove both hard and brilliant ; and, when properly set, 
will exhibit a IHuch nearer imitation of the diamond than 
most other vitreous compositions. 

It wfs formerl;f imagined by artists who wrought 
tliese artificial gems, that if the glass employed by them 
had for its basis rock crystal, rather than sand, flint, or 
any other mineral of the like character, the result was a 
much harder glass fhan ordinaryT This idea, is, how- 
ever, wholly withoTit foundation ; for when the crystal 
has once been ftsed through the admixture of any ki^ 
of flqjc, the hardness o^ the minerq} will be irreew^unk. 
ably lost, as this quality depends altogether upjpn its 
natural aggregation, wdiich, in such case, is necessarily 
destroyed. • 

Rock crystal is, perhapsi somewhat purer than iniost 
other siliceous substances, some of ^vhich contain minute 
traces of iron, and which may possibly impair the 
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beauty of some colours ‘which are imparted to glass. 
The same means as are used to render flint friable^ are 
employed for that purpose with rock crystal : this 
should on no account be ground in metallic vessels. 

% Some artists have succeeded^ to a certain extent, in 
producing a very flne, hard^ brilliant/and colourless glass 
paste, in imitation of the diamond, and have even given 
to this a very considerable play oi*" light, or, as it is 
technically termed, waters but it has not been found 
practicable to compound any vitreous substance which 
could for a moment deceive the eye of any jvjrson accus- 
tomed to witness the superior bTillian^y of real gems. 
The best of these mock diamonds require, indeed, the 
aid of artifice in the mode their setting, to render 
themrs'ic any great degree ornamental. M. Fontanieu 
recommends his glass. No. 1 ., described in this Chapter, 
as being better qualified than any other for making ar- 
tificial diamonds. To bring tliis glass to such a degree 
of brilliancy and clearness as will prove at all satisfactory, 
it must be retained in a state of perfect fusion for a con- 
siderable space of time. 

Loysel recommends, for the same purpose, the em- 
ployment of a* different composition, the result of which 
will be a glass, having the same specific^avity as the 
white oriental diamond, and for this reason better imi- 
tating that resplendent substance in^its refractive and 
dispersive powers. His recipe is as follows : — 

White sand purified by being washed * 
first in muriatic acid, and after- 
wards in pure water, until* all ^ 

** traces of the acid ar^ removed l 100 parts. 

Red oxide of lead (minium) 150 

Calcined potash SC- to S5 

Galcined borax 10 

Oxide of arsenic 1. 

<» 

This composition is easily ^fusible at a moderate heat; 
but like that proposed' by Fontanieu, requires to be kept 
in a melted state for two on three days, to perfect the 



CHAP. YU. ABTIFICIAI^ GEMS. ^ • 221 

refinings and to cause the dissipation of the super* 
abundaift alkali. 

The same author has furnished the following receipts 
fof the formation of pastes^ qualified^ upon die addition 
of appropriate colouring materials^ for the iinitation qf 
various gems. Thie remarks already made As to the 
length of time required for the due preparation of the 
diamond paste equally apply to these compositions ; — 


Wliite sandj purified in the manner • 
pointed out in the preceding re- 
ceipt 100 parts. 

Red oxide^f lead 200 

Calcined potash^ aqd nitre^ of each . 20 to 25. 
The specific gravity oflhis glass, water bein g 1, will 
be 3*9 to 4. • 


White sand, prepared in the manner 

before mentioned WO parts. 

Red oxide of lead 300 

Calcined potash 5 to 10 

Calcined borax 200 to 300. 

The specific gravity of this coifipound will vary from 
3'3 to 4. • 


White sftid, prepared as above 100 parts. 

Red oxide of lead ^ 250 

Calcined potafh * 15 to 20 

Calcined borax 25 to 30. 

This will Jiave a greater specific gravity varying from 

4 to 4-5. • 

• • 

• In making his felection jj^etween one or other of these 
pastes, the artist should be guided-, by their various 
cific jp^avities, choosing jireferably that glass whiqllt. V 
nearest in this respect to the J)articu^ar gem which he is 
desirous of imitating ; and this. Hot witli the View of 
providing himself with an additional me§ns of deception, 
but because, the refractive ^nd dispersive powers of dif- 
ferent transparent bodies being •determined by their 
comparative weights, the resemblance will, by such a 
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Belection^ be rendered more perfect to tlie eye. To one 
simple test, that of their hardness, recourse can be had 
so easily, that every one may, with very little previous 
instruction, ascertain for liimself the genuineness of any 
pern that is offered to his notice, without any appre- 
hension of being deceived. i 
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CHAP. VIII. 

ON THE MANUFACTURE OF*OLASS FROM CALCINED BONES. 

raEPAKATION OF BONKS. THEIR VITRIFICATION. feTilOCESS*** 

KNOWN TO BECHER. -i- CONCEALED BY HIM. — CURIOUS SUG- 
GESTION AS TO ITS EMPLOYMENT. THIS GLASS HIGHLY ELEC- 

» TKIC WHF.N NEWLY MADE. 

• 

Glass may be made from calcined bones by digesting 
them during or three days vrith hal^ their weight of 
sulphuric acid, evaporating to dryness^ and washing the 
residue in many different waters, until all the soluble 
matter is exhausted. Tkc production of 'this effect is 
known by the water having no longer a yellow tio^. 

Tile different waters thus used must then be brought 
together and evaporated to afford a solid extract. To 
separate the sulphate of lime contained in this, the ex- 
tract must be dissolved in the least possible quantity of 
water, and filtered : the salt wiU then remain on the 
filter. This extract may be mixed with powdered char^ 
coal, and distilled for the production of phosphorus ; but 
if, instead of this, it be placed in a large crucible, and 
the fire is urgeck it will at first swell considerably, but 
ere long will again settle, and at that instant the glass 
is made. *This is white, ^d of a milky colour. 

Tliese directions ^e taken from the System of Che- 
mistry of M. Chaptal ; who that before his time 

Becher was perfectly well ^Uiain^ with th« use to 
which bones could thus be appB|j|^but that he concealed 
*tlie process, on account of the^ abuse, which, according to 
his apprehensions* might he made||f it, and to whic&"^ 
he plainly enough alludes in the words—*' Homo vitmm « 
est, et in vitAim redigi potest; sicut et omnia anim^ia/' 
This author was, neverihcless, %d t(T express his regret 
that the Scythians, who drank from disgusting skulls, 
were not acquainted with t^e art of converting them 
into so cleanly a substance as glass ; — and he also 
showed the possibility of farming a gallery of family 
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effigies^ ^Qoulded from glass^ the produce of the identical 
bones of the originals^ in which the likenesses might be 
preserved as truly as they now are by the limner. M. 
Chaptal adds^ that a dceletomof nineteen pounds’ wei^t 
«,may be made to yield five pounds of tliis phosphoric 
glass. * 

Newly made glass of this description will emit very 
strong electric sparks^ which will to the hand at the 
distance of two inches ; but this property ceases after one 
or two days^ however carefully the glass may be pre- 
served from contact with the atmospherp. The sub- 
stance is in fact phosphoric acid which has been deprived 
of its water, and which if not carefully preserved from 
the atmosphere it will again imbibe, becoming ddi- 
quBM^nt. It has an acid taste, and is soluble in water. 
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ON THE USE MADE OF THii BLOWPIPE^ AND ON VARIOUS 
SMALIi MANUFACTURES OF GLASS. 

• 

THK&MOMXITEA TUBES. — ^ MODE OF GIVING TO THEM AN ELLIP- 
TICAL BORE. BLOWPIPE AND APPARATUS DESCRIBED. MA- 
TERIALS USED. — METHOD OF WORKING. SEALING TUBl^S.— 

BENDING AND JOINING TUBES. BULBS* -—SPUN GLASS.— 

watch-glasses. LUNETTE GLASSES. — GLASS BEADS^ MA- 
NUFACTORY AT MURANO. STRlPEp TUBES. ^MODE OF FORM- 
ING BEADS. SORTING THEM. NUMEROUS KINDS OF BEADS. 

MOCK PEARLS^ Mj^NER OP THEIR INVENTION AND 

FORMATION. DIAL PLATES. — HOW FORMED. LETTERING 

AND FIGURING. • 

A CON6IDFRABLE nuHiber of articles* are made of glass 
with the aid of a lamp and blowpipe. The principal of 
these articles;, such as thermometers and barometers^ are 
formed from tubes which are made at the glass-houses> 
of different bores and substances, by drawing out quickly, 
and while soft with heat, a thick and short tube into 
one that is thin and long. * 

Fig^ 34 . 
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The method of performing this process is^ to gather 
the necessary weight of glass upon the rod;*' and this 
glass having been elongated and hollowed by the work- 
man’s breath in the usual manner^ a punt is attached to 
•vthe end of the cylinder opposite to the rod. The work- 
man then holding the rod and his assistant the })unt> 
each proceeds in a direction opposite to that taken by 
the other, by which means the tulifc is elongated in the 
necessary de;gree ; and being then made to rest upon 
billets of wood placed horizontally and parallel to each 
other at equal dfStaiices bn the ground, it speedily cools, 
and may in that state be readily cut into convenient 
lengths. 



Whatever may be the original form of this tube and 
of its perforation, it is found that the same form will 
be relatively* continued throughout the entire length to 
which it is drawn out. If its perforption be at first 
cylindrical, it will so continue, whatever degree of length 
and minuteness it may be made to aisume ; and an equal 
sameness will be found to accomjia'ny tlic i)rolongation, 
if any other form be originally given to the orifice. 

A method has been suggested by Mr. Wilson, of 
Glasgow, to render 6he mercury in a thermometer tube 
easily observable, without ^incurring the inconvenienc’es 
*Svhich attend a large bore. Tliis method is founded on 
^thf property above mentioned, and which is indeed com- 
mon to all ductile substances.^* Mr. Wilson proposes to 
form the tubes with an elliptical perforation, which when 
drawn out wm form a mere slit, the flat side of which is 
to be turned towards the observer. It does not appear, 

t 

* For a beautiful scientific application of this principle, see Lardner*i 
Mechanics, Cab. Cyc. p. 9. art (12.) . 
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however^ that these tubes have come into any extensive 
use. 

yhis elliptical bore is caused by flatteninj:, in the ne- 
cessary degree^ and before it is drawn out, the short thick 
tube already described ; restoring then its , external 
cylindric form by coating it over with a further portion 
of melted glass^ and rolling it on the iron slahr, represented 
(fig. 5. Chap. IV.) in the foregoing description of the 
processes pursued in blowing flint glass. • 

The apparatus usually emp]oyed by those who un- 
dertake this branch of glass-working is extremely simple. 
The table is substantially inade^ and has fixed at its 
bottom a small double-blast bellows, worked with a foot- 
boarrl, that the artist may*liimself govern its action, and at 
the same time have both his hands atdiberty for tllh?*bther 
operations Avhich he has to conduct. A pipe, proceeding 
from tbcbellows, conducts thcblast of air to the lamp, which 
is usually nothing but a bundle of coarse cotton thread, 
placed in a common tin vessel of a horse-shoe shape, the 
dame being fed with lumps of tallow heaped up and 
intermixed with the cotton. A spiall chimney is hung 
over the lamp, and at a short distance from the flame, 
to carry off the smoke, w'hich otherwise would be iiicon- 
venient to the Workman. The blast pipe is so placed 
and directed that it throws off the jet of flame from the 
lamp in a dircctioy contrary to that occupied by the 
workman, so that all annoyance from tliis source is equally 
avoided. • 

Two or three ver^ simple iroi^ tools, suclf as files, 
forceps, scissors, ^c., make up the rest of the glass- 
worker's apparatus ; while his materials arc mostly cc*'-i 
fined to an assortment of tubes liaving various bores, and 
composed of different thicknesses of glass. When Im- 
ployed in making toys or orimmen{s of glass, tubes of 
various colours are provided by the workman : these are 
easily procurable at any glass-house, a j^od stock of all 
kinds of tubing being generafiy kejjt by the makers. The 
flame, wlieh most strongly urged by the blowpipe, is 
about four inches long, having its end of a blunt round 
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form ; its colour, in the part nearest to the wirk, is of 
clear light blue, and beyond this of a pale yellow, 
the blue portion having by far the greatest heating 
power. 

**'10 prpceeding to work, care must be taken to remove 
all moisture from the tubes, both wilhin and on the ouN 
side ; they must be heated gradually, to prevent their 
cracking; and the greater the thickness of the glass, the 
more necessity there is for caution on this head. Glass is 
so imperfect a conductor of heat, that where utensils made 
with it of any considerable thickness have ffte applied to 
them, it is difficult to prevent an» unequal degree of ex- 
pansion, which induces that corresponding inequality of 
pressure among the different parts under which some 
will iiTS’vitably give ‘.vay and fly asunder. It is for this 
reason that glasses intended for use in chemical labora- 
tories can hardly be made too thin, or with too great 
attention to the equality of their substance, so that heat 
may be quickly and uniformly transn}itted through the 
mass. 

Glass tubes should be first heated by being held in the 
flame of the lamp, w'ithout employing the blast of air ; 
they should next be brought to the yellow outer edge of 
the flame when urged by the blowpipe ; and, lastly, the 
fusion must be completed through bringing thei glass by 
slow degrees within the hottest 2)art qf the flame. 

The power of a blowpipe, sucli as is usually em- 
ployed Air these purposes, is sufficient for ibringing to a 
white heat a solid luiijp of glass large enough to form a 
bulb Tvhich will contain three fluid ounces; a size much 
hj^er than can be required for purposes to which the 
lamp is usually applied. 

It may be well ‘ to describe ^briefly one or ,two opera- 
tions, « such as are usually effected by means of the lamp 
and blowpipe ; from which will be made apparent the 
great facility wherewith this seemingly refractory sub- 
stance can be moulded, thiough the agency of heat, 
according to the will of the workman. 

If it be wished to seal a tube hermetically, that is, to 
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close it efTectually at the end by causing the intiuiate 
union of its particles^ it will suffice that the part be held 
(luring a short time in the fiame^ turning the labe round 
with the fingers so as t« occasion an equal action upon 
every part : by this means the end will presently be so 
far softened, or partially fused, that the parti clc*ti will fall 
in and run together ; thus effectually closing the orifice, 
and producing th« appearance of a small button at the 
extremity. This operation may be hastened, if, when 
the glass is rendered soft by heat, and before any fusion 
has ensued,, the parts are brought into contact towards 
their common centre bj means of a stout iron needle. In 
sonic cases, anef particularly when the tube is of any 
considerable substance, "the button thus formed on the 
end would be inconveniently large^ and might .besides 
either fly in cooling, or be accidentally broken. This • 
can he remedied by lessening, in the following manner, 
the quantity of glass whereof it is composod. 

The end being softened in the flame of the lamp, and 
another piece of tube of the same size having been equally 
acted upon, the two ends are to he brought together, and 
may, by a very little management, be firmly united. If 
tlien the tube which is to be scaled is softened a little 
higlier up tha» the point of union, and the two tubes are 
pulled gently in opposite directions until they separate, 
that whfch is licatod wilfbe drawn out with a diminished 
substance, and m£^ be easily scaled in the part that is 
required, the joined ends and a portion of the scaled tube 
remaining attached to the waste piece. • 

In making some kinds of therximmeters, and for various 
purj)oses connected with qjcperimental chemistry, it is 
often required ih bend tulxi of glass : when these are of 
small bore, and their substance is tolerably thick,«it is 
only requiliite to hold the tu^ in the weaker par^of the 
flame, in order to soften it through about one or two 
inches of its length, when it may be ^ovrly and gently 
brought to the shape required. 

Something more than this is needed if the tube be 
wide and its substance t^in. In order to preserve in 

Q 3 
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such case the particular form of the bore, and to prevent 
its being much straightened, or perhaps closed at the 
bend, as it most probably would be if no precaution were 
taken against it, one end of the tube should be herme- 
tically sealed ; and during the time tlie workman employs 
himself in bentling it at the requited part, he should 
also blow steadily but very gently into the open end. 
The pressure of his breath employed in this manner, will 
keep the softened part of the tube distended in the proper 
degree, so that it cannot collapse during the bending, and 
the perforation will he maintained in its oi^iginal form. 
Thc cIosc<l end of the tube be readily cut off by 
first scratching with a file and then breaking it suddenly ; 
an operation which, with a ver) little care, may he per- 
forinedL. without risk of dividing the tube in any oilier 
jiart of its length. 

Two tubes may be joined together with tolerable ac- 
curacy by heating their ends in the flame, and then 
bringing them into contact; turning them round iu op- 
posite directions with a screwing motion, in order to 
complete their junction. If it he desired to remove the 
thickened ring of glass which will thus be produced, one 
end of the tube must then be previously scaled ; and 
when the union has been fully completrd in the way 
described, and while the glass is yet soft, the workman 
must blow into the open end, Und gjntly pull the tube 
at the point of junction, until the ring disappears, and 
the whoie tube becomes equally cylindrical. 

In forming hollow bulbs at the end of^^ tubes, such, 
for instance, as are required in making thermometers, 
the following process must lj>e used : — The end whereat 
the bulb is to be formed must be sealed', and in order to 
collect at this extremity the needful quantity of glass, it 
must be pressed while yet (juite hot upon some hard sur- 
face, 6y which means that part is somewhat shortened 
and consolidate!} into a lump. This must then be held 
in the most intense flame of the blowpipe until it is 
quite white hot ; being then removed, and the breath 
applied moderately and steatjily to die open end, and 
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keeping the tube in the mean while with the heated end 
hanging downwards, the lump will be enlargid into a 
spherical bulb, the diameter, and consequently tLe sub- 
stance, of which can be regulated according to the 
pleasure of the workman, • 

It has been already mentioned that glass majTbe spun 
into very long and minute threads, with grpat velocity, 
when the mass fnfin which it is drawm has been pre- 
viously heated. For this operation the usq of tlie blow- 
pipe is required, and the manner of its xierformance is 
very simple. • • ® 

Tlic lump of ^lass Joeing sufficiently softened by the 
Hame, another piece of glass is applied to it, when the 
two, cohering together, being then drawn apart, are 
seen to be connected by minute filaments. A fine /bread 
being thus obtained, its end is applied to a wheel or reel, 
and the heat of the glass being iriaintaincd, while the 
wheel is turned with considerable velocity, a thread may 
be drawn! continuously out as long as the workman 
pleases, or until the store of glass is wdiolly expended. 

I'he tlircad thus made is extremely flexible and deli- 
cately fine. Its firmness depend^ in a great measure 
upon the heat whereat the glass is maintained, and upon 
the velocity wlfcrewith the wheel is turned : the greater 
these are, the firmer wnll be tlie thread. 

Cilass *s only treilled in* this manner in order to afford a 
pleasing exemplification of some of its properties, or for 
purposes of ornament. When it is desired to i)roduce 
coloured threads, the material employed should be em- 
bued with a very deftp tint, as, when drawn out in such 
ifiinutc filaments, it woultl otherwise appear nearly 
colourless. • 

• • • • 

The preparation of watch-glasses involves a sepes of 

simple but interesting processes. “Only a part of these 
is performed at the glass-house ; the rcnHiiiider being the 
objects of a separate, and, when viewed with reference to 
its extent, by no means an unimportant branch of trade 
and manufacture. • 

Q 4 
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All that is effected by the glass-blower is the pro- 
duction of regular hollow spheres^ each being eight inches 
in diameter^ and weighing twelve ounces. 

It is a circumstance^ perhaps^ not the least deserving 
jof notice, in detailing the operations of the glass-house, 
that the^men employed to gather glass from the pots for 
this and similar purposes, upon the end of the hollow 
rods, attain through constant practice so much pro- 
ficiclicy as to bring away with the greatest accuracy 
exactly the quantity that is needed for the fonnation of 
the required object. Tv such a degree is, this correct- 
ness carried, that, on weighing many dozens of spheres 
such as have just been described* not one has been found 
that varies half an ounce from .the proper weight. 

blowing of these hollo*w globes is performed with 
great celerity. Owing to the circumstance that the glass 
of which they are composed is exceedingly thin, so that 
their cooling, although rapid, is also effected with con- 
siderable regularity tlirough their substance ; and because 
in the further progress towards their ultimate form they 
are again to be softened by heat, tlicse globes are deli- 
vered to the watch- glafss maker as soon as they are blown, 
and without passing through the annealing oven. 

The first operation performed by the «last-men tinned 
artist is to divide each sphere into the largest possible 
number of sections of the requisite sire ; it bein{f manifest 
that any errors committed at this stage of the proceeding 
would, by wasting his material, place the manufacturer 
at a disadjvantage. ^ 

In proceedijjg to effect this division, the workman 
seats himself; aiid taking the globe in tiis lap, with a piece 
of heated wire or tobacco-pipe, (which last is perhaps 
chogen preferably, because it longer retains a sufficient 
degree of heat,) he traces a line upon the' globe, and 
quick^ thereafter wetting the line thus traced, the glass 
will crack and (Jivide along the line with the most ad- 
mirable precision. The sections thus obtained will 
necessarily have many angular irregularities : these are 
dexterously clipped away by ^eans of scissors. 
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WATCH GLASSES. 

The segments into which the individual pieces have 
now been*cut, will be wanting in the requisite degree of 
convexity. Before this can be imparted to them^ they 
must have their brittlenessr removed, and be considerably 
softened by heat. When this has been effected, taking 
an appropriate instrument in each hand, and usihg tliem 
much in the same manner as the dairy-miqd employs 
her wooden Spoons iti raising a pat of butter, the work- 
man presses the edges of the glass regularly in towards 
the centre, which is by this means made to rise in a 
corresponding* proportion. The* edges ire then ground 
evenly off, and the watcji.glass is ready for sale. 

Lamttv ghisitcs are differently made. These are not 
segments of spheres, but have their edges abruptly raised, 
and their interior areas or faces flattened. In for?ning 
these lunettes, a much smaller quantity of glass is ga- 
thered from the jKi^than is required in blowing globes 
for ordinary watcli-glasses. A hollow pear-shaped figure 
is then blown, having the larger end, which is farthest 
from the extremity of the rod, of the size required for a 
watcli-glass, and the requisite flatness is occasioned by 
pressing this end, while soft, upon any smootli level 
surface. 

I'hese glasse# are necessarily much higher in price 
than those more commonly used for watches ; both be- 
cause the/ are made •to contain a greater weight of glass, 
and because, only oiie form being cut from each hollow 
pear-shaped figure, the labour expended in the manu- 
facture is proportionally greater. • 

• • 

•A very considerable mapiifacture of glass for the 
formation of l)ead^ is carried on at a place called Mu- 
rano, situated near the citj^of Venice. , There is nothing 
peculiar in the composition of |;he glass made use of for 
this purpose, nor in the methods employed for its pre- 
paration ; and although the manufacturers affect great 
secrecy as to the colouring substances which they mix 
with Uiis glass, it is not likely that they possess any real 
advantage over others in this respect, or that they have 
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made any useful discovery of materials different from 
those commonly employed in colouring glass. 

When upon inspection the coloured glass is found to 
be in a fit state for working, the necessary quantity is 
gathered in the usual manner upon the rod, and is blown 
into a hollow form. A second workman then provides 
himself with an apjiropriate instrument, with which he 
takes hold of the glass at the end w^iich is fartlicst from 
the extremity of the rod, and the two men running 
thereupon expeditiously in exactly opposite directions, 
the glass is dr3wn out* into a pipe or tube, in the man- 
ner of those used for constructing thermometers, the 
thickness of which depends upon the distance b} which the 
men separate themselves. M'^hatever this thickness may 
be, the perforation of the tube is preserved, and bears 
the same proportion relatively to the substance of the 
glass as was originally given to it by the blower. In 
these particulars the workmen of course govern them- 
selves according to the size and description of the beads 
which are to be made. The glass-house at Murano is 
provided with a kind of gallery 1 />() feet in length, and 
which much rcsenitfles a rope-walk, wherein the tubes 
are drawn oTtit in the manner here described. 

Tubes striped with <lifferent coloufi are made by 
gatliering from two or more pots lumps of different co- 
loured glass, which are united by twisting them together 
before they are drawn out to the requisite length. 

As soon as they are sufficiently cool for the purpose, 
the tubci are divided into equal lengths, sorted according 
to their i olours and’ sizes, packed in chests, and then 
despatched to the city of Venice, wdthin which the actual 
manufacture of the heads is conducted. 

'W'hen they arrive at the bead manufactory, the tubes 
are again very carefully inspected, and sorted according 
to their different diameters, preparatory to their being 
cut into piecec sufficiently small for making beads. 

For performing this lat*^er operation, a sharp iron in- 
strument is provided, shaped like a chissel, and securely 
fixed in a block of wood. Placing the glass tube upon 
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the edge of this tool at the part to be separated ; the 
workman tfien, with another sharp instrument in his 
hand^ cuts, or rather chips, the pipe into pieces of th:? 
requisite size ; the skill of the man being shown by the 
uniformity of size preserved between the differt it frag- 
ments. • 

The minute jiieces thus obtained are in the pcxt pro- 
cess thrown into a bSwl containing a mixture of sand 
and wood ashes, in which they are continually stirred 
about until the perforations in the pieces are all filled 
by the sand and ashes. This provision is “indispensable, 
in order to prevent jLhe si^es from falling together when 
softened by heat in the next operation. 

A metallic vessel with a lopg handle is then provided, 
wherein the pieces of glass are placed^ together with a 
further quantity of wood-ashes and saiifl ; and the whole 
being sii})j(*cted to heat over a charcoal fire*, are conti- 
nually stirred witJi a liatchet-shapeil spatula.* lly this 
simple means the beads acquire their globular form. 

'IV'hen this lias been imparted, and the beads are again 
cool, they are agitated in sieves, in order to separate the 
sand and ashes ; this done, they arc transferred to other 
sieves of different degrees of fineness, in orddr to divide 
the beads according to their various sizes. Those of 
each size arc then, after being strung by children upon 
separate threads, made up fnto bundles, and packed in 
casks for exportation. * 

In this inamicr, not fewer than sixty different kinds 
of glass beads are preparetl in vast quantities^ The 
principal trade in these^s carried on Vith Spain and the 
cbaA of Africa ; hut^ some portions find their way to 
nearly all parts of tfte world. 

Another and a more costly descriptiou of glass beadi^ 
made in imitation of pearls, has^ long been i»roduced^iu 
France. Although the name of the inventor of these 
ornaments has been faithfully preserved, the period of 
their invention is not precisely known. Reaumur, on 
whose assertions the greatest reliance may generally be 
placed, states this to have occurred in l(i56. An anec- 
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dote related by Beckmann^ of a cheat successfully played 
off upon a lady by a French nobleman^ leads to the con- 
clusion that thirty years later than the period here men- 
tioned^ these mock pearls were far from being generally 
introduced or even known. 

The manner of their invention was this: — M. Jaquin 
having observed that upon washing a small fish^ the 
Cyprinua alburnun, or bleak^ the water contained nu- 
merous fir\e particles^ having the colour of silver^ and 
a pearly lustre, he suffered the water to stand for some 
time, and, collecting the sediment, covered with it some 
beads made of plaster of Paris,, the fs^vourable appearance 
of which induced him to manufacture more of the same 
kind for sale. These were ai. first eagerly adopted ; but 
the- ladies soon finding that when they were exposed to 
heat, the lustrous coating transferred itself from the 
beads to their skin, they were as quickly discarded. 

The next attempt of M. Jaquin was more successful. 
He procured some glass tubes of a quality easily fusible, 
and, by means of a blowpipe, converted these into nu- 
merous hollow globules. He then proceeded to line the 
interior surface of these with the powdered fish scales, 
which he called essence of. pearl, or es&mce d* Orient. 
This was rendered adhesive by beings mixed with a so- 
lution of isinglass, when it was introduced in a heated 
state inside the globules, arid spread over the whole in- 
terior surface, by shaking the beads which, for that 
purpose, were jdaced in a bowl upon the table. These 
hoUo'w. beads being blown exceedingly thin, in order to 
produce* a better eifect, ivere cOVisequently very tender. 
To remedy this evil, as ^oon as the pearly varnish was 
sufficiently dry, they were filled Witli white wax, and 
being then bored through -^^ith needle, were threaded 
fo^ sale. i 

An expert workman can blow from five to six thou- 
sand small glass globules in a day ; but, as some attention 
is called for in regard to the shape and appearance of 
these beads, the produce of a man’s daily labour will not 
* Hist, of Inventions,' voi. ii. art Artificial Pearls. 
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much exceejl one fourth of that quantity. The closer to 
counterfeit nature in their manufacture, these beads are 
sometimes purposely made with blemishes, and of some- 
what irregular forms. Some arc made pear-shaped; 
others are elongated like olives; and others again are 
flattened on one side/ in imitation of natural pearls, 
which are set in a manner to show only one side. 

The fish whose sc^es are put to this use are about 
four inches in length. They are found in great ^abundance 
in some rivers ; and, being exceedingly voracious, suffer 
themselves to Ife taken without difficultyr The scales 
furnished by 250 ot thesesfish will not weigh more than 
an ounce, and this will not yield more than a fourth of 
that quantity of the pearly #powder applicable to the 
preparation of beads ; so that 1 6,000 fish are re- 
quired in order to obtain only one pound of the e,9sence 
of pearL 

Up to a recent period, the heirs of Jaquin^ the first 
inventor, carried on a considerable manufactory of these 
mock pearls in Paris. The fish are tolerably abundant 
in the river Seine; but their scales ^are conveyed from 
distant parts in much larger quantities than can be pro- 
cured on the spot, for which purpose they arc preserved 
in volatile alkali. • 

The diaLplates of J:locks and watclies are made of 
opaque white glass, which has acquired the name of 
enamel. The culiarly delicate appearance of these, as 
well as their opaqueness, result from the presfince of 
o^ide of tin. ^ * 

TThese plates, which are not •of greater diameter than 
twelve inches, are made in one piece ; but any which are 
required to be larger than this, must be formed in seS 
parate segments, and afterwards foine4 together. • 

In the preparation of dial plates, the first process is 
that of hammering a thin plate of copper of*the requisite 
size upon a slightly concave aftivil constructed of hard 
wood; for which operation a convex hammer is employed, 
and in this manner the propex* state of convexity is im«* 
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parted to the plate, without impairing in any degree the 
smoothness of its surface. 

The centre hole for the hour and minute hands, as 
well as that whereby the key must he introduced for the 
purpose of winding up the clock or watch, together with 
other smaller holes, ibr the screws by which the dial is 
to bo attached to the works, are all made by passing tools 
of appropriate forms and sizes through the copper, from 
the concave side, in such a manner that the metal dis- 
])laced in the act may form ridges round the holes on the 
convex side, and he instrumental in retaining the enamel 
to the requisite thickness upon the j^urface, when in its 
state of fusion. For this same purpose, the outside edge 
of the plate is hammered vp all round, so as to form a 
ridge of the requisite depth; and provision must be made 
for tliis rim in the size originally given to the copper. 
The metallic plate thus formed is thoroughly cleansed 
by being immersed in a weak dilution of nitric acid, 
after which it is dipped in pure water, and rubbed 
smartly over with a brush formed of brass wires. 

'J'he white enamel is then broken in a hardened steel 
mortar, until it is reduced to fragments about the size of 
fine sand; "and the whole should be brought as nearly as 
possible to the same state as regard^ the size of the 
particles. The pounded glass is then washed in very 
clear water, and the heavier partk' having subsided, the 
remaining rnilky-looking liquid is poured off and left to 
settle in a separate vessel. This oj)eration is several 
times rvipcated; so that the powder may be divided into 
separ.‘Ue portions, having difteren’t degrees of fineness. 

The enamel being thu'^j sorted and well washed, "the 
separate portions are placed in glass vessels, and nitric acid 
is poured over, bo as completely to cover the powders. 
Th" acid must be left on the enamel during the space of 
twelve hours, the whole being occasionally stirred witli 
a glass spatula, in order to dissolve away any metallic 
particles which may have been abraded from the steel 
mortar, and which woidd greatly impair the whiteness 
of the enamel when subsequently applied on the face of 
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the plate. The acid is then poured and the enamel 
washed in* successive waters, until it no longer contains 
any acidity ; after which, it is again covered with pare 
watef, and in this state it must remain until used, that its 
perfect whiteness and purity may be preserved. ^ ’ 

Jt is necessary to* operate upon both sides of the 
plate, lest the heat of the enamel, when in. a state of 
fusion on the convc3^ side, should alter the curvature; of 
the copper, and deform its shape. 

The enamel, when prepared in the manner described, 
is first applied to tlie concave of under *face; in which 
process the artist y)read% over it with a spatula, as thin 
and as evenly as possible, a portion of the finer settlings. 
A tool which had previoufil}; been inserted in the centre 
hole is then withdrawn, and its place E>up]>liec[ with a rag 
of clean linen, which absorbs all the sujjerfluous water 
from the enamel, bringing it to such a state of con- 
sistency, that this, which is called the countcr-^namelling, 
will adhere sufficiently to the copper when the position 
of the plate shall be reversed. In then proceeding to 
operate upon tlio convex surface, the plate must he turned 
over, a tool being again placed in the centre hole, and a 
layer of the coarser part of the pounded glass thereafter 
applied with evefry possible care as to the evenness of its 
distribution. It is particularly requisite to cover well 
the edges of the diaP-platc, as well as those of the dif- 
ferent holes, lest the heat should afterwarils act too 
powerfully ujion the metal. To draw off* the superfluous 
moisture from this layer of enamel, a fine linerf cloth is 
applied round the erftire edge, wliich, in this altered 
^poQiition of the dial, is now i4s lowest part, and has in 
that respect takcif the place of the centre hole in the 
counter-enamelling proces% first mentioned. In ordbr 
that the particles may arrange* themselves properly «nd 
closely together, the tool still remaining in the centre 
hole is then subjected to two or three sliglrt concussions, 
and much of the beautiful appearance of the finished 
dial-plate depends upon the neatness widi which this 
operation is performed. If the enamel is evenly spread 
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and well packed together^ no hollows will be left bdow the 
surface when it has been melted^ and the requisite degree 
of smoothness will he attained. To dissipate any moisture 
which may now be retained by the enamel, the plate is 
dried on a sheet of iron over a chafing dish. 

The dial-plate, thus prepared, is introduced cautiously 
and by degrees under a muffle placed in a furnace, it 
being necessary to heat it gradually : in this situation it 
must remain until it is perceived that the enamel begins 
to melt ; the sheet of iron on which the dial is j)laced 
should then be turned gently round, in order that every 
part may be equally exposed to the heat of the muffle. 
So soon as the enamel is seen to be perfectly melted over 
the whole surface, the platCjmust he withdrawn ^\ith as 
much caution and deliberateness as was used upon its 
introduction ; and, in order to prevent the cracking and 
scaling off to which the glass would otherwise be liable, 
the plate must remain for some time cooling very gra- 
dually at the mouth of the muffle. The necessity for 
this delay in the process arises from the same physical 
law which obliges the manufacturer to have recourse in 
larger operations to the annealing oven. 

When this first firing has been completed, the ]date 
must be cleaned, as before, with a very 'weak dilution of 
nitric acid ; and a layer of the finer settlings of the enamel 
is to be spread, in the manner already described, over 
the convex side. It is not necessary to apply any further 
coating to the inner or concave surface, unless upon exa- 
minatiom any part of the former layer shall appear de- 
fective ; in which case such part must be made good with 
a furtlier portion of the same division of the enamel as 
was used before. . 

The same precautions thatciwere observed in the first 
firing for placing tlie dial plate within, and for removing 
it from tile muffle, must be repeated now ; and must 
equally be practised when a third layer, which must be 
of the finest and whitest portion of the enamel, is sub- 
sequently spread over the convex side. When this third 
layer has in its turn been fie^ed and gradually cooled, the 
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dial-plate is complete, with the exception of the fip;ures 
or lettering, which must be placed upon the convex side 
to mark the divisions of the hours and minutes, and 
which are thus applied : — 

A black enamel, which is so composed that ii will fuse 
at a lower degree of* heat than the white opaque glass 
already employed, is to be ground exceedingly, fine in an 
agate mortar with a pestle of the same substance, and in 
combination with oil of lavender ; which, as. it would of 
itself be too thick, must have its consistence reduced by 
the addition of oil of turpentine. * To suih an exceeding 
degree of fineness is it considered necessary to reduce 
this black enamel for the purpose, that the labour of half 
a day is usually employed ^n thus grinding a drachm 
weight- A further quantity of the nnixed essential oils 
must afterwards be added, that the enamel may be suf- 
liciently thin t(^ flow readily from Uie pencil. 

The diaLplatc is then placed upon some level surface, 
and by means of a pair of compasses, having one of the 
legs blunt at the end and rounded, so that it will freely 
turn in tlie centre hole where it is placed, and the other 
leg provided with a black-lead pencil, two circular lines 
are slightly traced at unequal distances froni the centre, 
between which ttie numerals are to be inserted. The exact 
position of these is determined by means 6f a sector fur- 
nished with a movable limb ; and the different figures 
being drawn witli a camershair pencil charged with the 
prepared black enamel, this is left to become perfectly 
dry in the air ; and its fusion having afterwaAls been 
effected in the muffle,* the dial-plat% is completed, and 
in*a fit state to be placed in th^ hands of the clockmaker. 


11 
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ON THE FORMATION OP LENSES. 

c 

PKEHAKATJON OF THE NECESSARY TOOLS. CHOICE OF GLASS. 

GRINDING. I'OLISHINCI. CURDLED LENSES. MEANS USEI* 

JtOU AVOIDING THIS DEFECT. 

* • 

In grinding glasses for spectacles, or preparing them as 
lenses for optical instruments, the first thing to be aU 
tended to is to determine the proper focal distance of the 
glass. Taking then a pair of compasses, which, on the 
supposition that the glass is intended to he convex or 
concave on both sides, must he opened to the full focal 
distance; two arches or segments of circles, each extended 
somewhat beyond the breadth which it is intended to 
give to the glass, must be described upon a piece of sheet 
copper, which must then be filed away from the outside 
of one and from the inside of the other arch. By this 
means two gauges are formed, the one convex and the 
other concave, and each perfectly answering to the otlier. 

If it is intended that the glass shall be what the op- 
ticians call plano-convex or pli.no-concave, that is, having 
one of its sides flat, while the other has received the re- 
quisite curvature, the compasses wherewith the arches 
are described should he opened to only ond half the focal 
distan.:e. 

Two circular plates of brass, about one tenth of cn 
inch in thickness, and eacfi being of a little larger dia- 
nv?ter than the intended lenses, are then securely soldered 
upon a cylindrical piece of leacl of an equal diameter with 
the'llwass discs, and one inch in thickness ; these, which 
are called tools, are then fixed in the lathe, and turned 
so as to correspond with the copper gauges, the surface 
of one being made convex, and of the other concave. 

The two brass discs are^ then to be ground together 
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with em^ry, or with pounded Turkey stone, until their 
surfaces exactly coincide in every point. 

If the focal distance is very short, so tliat the con- 
vexity and concavity require to be very considerable, the 
brass discs should be hammered as nearly as possible to* 
their intended form^efore they are soldered to the leaden 
cylinders, and turned, otherwise eitlier the thickness of 
the brasses would require to be inconveniently increased, 
or the more considerable jmrtion of their substance, which 
must in such case be cut away, would occasion the discs 
to be too tlii9i and yielding. 

The glass of )^bich a lens is composed is chosen with 
reference to the purpose to which it is to be applied, and 
according to its refractfva and dispersive powers : its 
selection must be left to the discretion of the optician. 
Its two surfaces should originally l)e perfectly parallel, 
lleing cut or clipped into a circular form by means of 
scissors or pincers, the edge must be smbothed on a 
common grindstone, and the glass fixed by seating one 
of its surfaces in softened pitch on the flat end of a solid, 
cylindrical, wooden handle of smaller diameter than the 
glass. The centre of the axis of this handle must co- 
incide exactly with the centre of the glass. ' 

to suit afshort focal distance, the curvature of the 
lens requires to be great^ it will simplify the labour of 
the artist, if, prevfously to its being thus fitted to its 
handle, the glass is reduced upon the grindstone as nearly 
as j)ossible to^tlie shape of the gauge. Some judgment 
is, however, necessary in this process, lest the* abrasion 
should be carried |ob far even in any one minute point, 
^bich would render the glass wholly unserviceable. 

The convex form is that which is most commonly 
given to lenses; qnd in describing llie process for effecting 
this, the inode of producing ci)ncave glasses will equally 
be understood ; the only difference between the two me- 
thods being this, — that in the first operation, the concave 
tool and gauge are brought kito use; while for the other, 
those having a convex form are employed. 

The whole being thus prepared, the concave tool is 

R 2 
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fixed firmly on the working bench; and having some fine 
emery sprinkled on its surface^ the glass is worked upon 
it with circular and cross strokes alternately; the artist 
being careful that the centre of the glass shall never pass 
beyond the edge of the tool. 

When by these means the glass has been so far ground 
that its surface coincides with that of the tool at every 
point, the emery* is to he washed away, and some of a 
finer kind substituted ; and so on through three or four 
different degrees of fineness, until all the roughnesses 
and apparent scratches on the glass are wofti down, and 
it has become perfectly smooth* to the touch, although 
did] and opaque to the eye : after this it is sometimes 
further ground with finely peunded pumice-stone. 

At the expiration of every five or six minutes, during 
this grinding process, the surface of the tool is rubbed 
for a short time within the concave tool, that its proper 
curvature m'ay be perfectly preserved. %rhen the oper- 
ation has been completed, the glass is easily separated 
from its wooden handle by means of a thin knife, and 
the pitch is removed by rubbing it with oil. Tlie side 
which has been ground is, in its turn, fixed ujion the 
wooden handle, and the other side is then ground in the 
same manner as the first. ^ 

Convex glasses arc frequently prepared for common 
purposes, in another manner. The Concave tool is fixed 
ujjon the lathe, and the glass being held steadily in the 
hand, and sprinkled with emery, ivS applied to the tool 
during itSi revolutions. For concave glasses, the convex 
tool is fitted to the lathe, and the* glass is in like man- 
ner presented to it ; but diis method, although easier 
and more expeditious, is greatly inferior in its result to 
haKid-grinding, and cannot be resorted to when any 
thing like perfectness ir. the intended instrument is 
desired. 

The same bi ass tool which is used for grinding, serves 
dso for polishing lenses ; bat before it is thus employed, 
a smooth tliick piece of felt must be stretched over and 
cemented to it, and the outer surface being then covered 
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with washed putty powder, which is a combination of 
the oxides of tin and lead, the tool is worked upon the 
lens with the same motions as are employed in grinding 
it. ’ The consistency of the powder is a point requiring 
attention ; for if it he too moist, it will cause the fibres* 
of the felt to rise*up and polish, not only the surface, 
properly speaking, but likewise the innumerable hollows, 
which, notwithstanding all appearance to the contrary, 
are actually left in the surface from the grinding, ff 
the lens he subjected to examination in a microscope, 
this effect will be rendered fully apparent. The evil 
consequence renting jTrom this defect is, that the cavi- 
ties being polished, admit the rays of light, and disperse, 
instead of collecting tHbqi, as would be the case if the 
surface were uniform. When tbis^fault exists in a de- 
gree so exaggerated as to be visible to the naked eye, the 
lens is said to be curdled. 

An excellent method has lately been adopted by an 
eminent optician in London, whereby tliis defect is 
avoided, liees’ wax is hardened to a proper degree by 
admixture with dry red sulphate of iron, which has 
previously been carefully w^asheil; and instead of the 
covering of felt, this compound is melted •over the brass 
tool. When^.old, the casing thus formed is sufficiently 
hardened to be turned to the required curvature, and 
the tool, when dfis has been done, is in a fit state for 
use. 

The peculiar advantage of this compound, as a polish- 
ing substance, consists in its perfect uniformity ; besides 
which, it has this*further recoirfmendation, that if any 
*hard particles sliould accidentally insinuate themselves 
between the tcibl and the lens, and which, in other cir* 
cumstances would scratch the gla^, the wax is suffi- 
ciently yielding to allow thqm to bury themselves in its 
substance, so that all injury of this kind is avoided. 

Lenses which have been thus treated, will bear ex- 
amination with a microscope, their polish appearing 
uniformly clear and defined. 

Convex lenses in thein simple state have been used 

B 3 
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for collecting the heating rays of the sun, or for forming 
what are called burning glasses. One of the largest 
lenses ever applied to this purpose was made of flint 
glass by Mr. Parker. The diameter of this glass was 
•3 feet ; its focal distance was 45 inches ; and the cir- 
cular spot of light which it cast at 'the focal point was 
1 inch in diameter. Still farther, and as much as pos- 
sible to condense the rays, Mr. Parker 'employed a smaller 
lens, 13 inches in cliameter, in conjunction with the 
larger one, and by means of this the heating rays were 
concentrated at the focal point to of ananch. The 
eflects produced by this arrangen?ent were surprising ; 
20 grains of pure gold were fused in 4 seconds, the same 
effect was produced on 10 graifis^ of platina in 3 seconds; 
and a diamond, whqse weight was 10 grains, was found 
to have lost 4 grains after having been j)laced within the 
focus during 30 minutes. 

This lens, which cost 700/., has since passed into the 
possession of the emperor of China. 
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CHAP. XI. 

ON THE PRINCIPAL* DEFECTS OBSERVABLE IN *QLASS. 

■ 

:STiajB — RENllER Cl.Jfss UNFIT FOR OPTICAL PURPOSES. 

THREADS RENDER GLASS FRAGILE. CAUSE OF THl4. — 

TEARS ONE OF THE GREATEST DEFECTS. RENDER GLASS 

irsKLKSS. KNOTS. UURULES. ^,WHENCE THEY PROC'EED. 

DO NOT AFFECT THE QUALITY OF GLASS. OBJECTS TO 

BE ATTAINED FOR^A VOlDI^lG THFSE DEFECTS GUINAND. 

HIS HUMBLE ORIGIN. ENERGY OF CHARACTER. EXAMINES 

TELESCOPES, AND CONSTRUSTS OTHERS. UNABLE TO PROCURE 

GLASS OF GOOD QUALITY. fk INCITED TO EXAMINE INTO THE 

CAUSES OF JNFFRIORITY. HIS EXTRAORDINARY PERSEVER- 

ANCE AMIDST ACCIDENTS AND J>1FFICUL11ES. — " IfIS ULTIMATE 

SUCCESS. ACCIDENT LEADING TO FURTHER IMPROVEMENT. 

PROSECUTES HIS ART IN BAVARIA. RETURNS TO SWITZER- 
LAND, AND FURTHER PURSUES HIS FA\OURlTE OBJECT. DIES. 

FRAUKNflOFEll. KISFS PROM ORSCUKITV BY lllS TALENTS. 

Ills SCIFNriFlC ACQUIREMENTS. PRODUt'ES SPECIMENS OF 

PERFECT GLASS. DIES AT AN EARLY AGK. RESPECT PAID 

TO HIS MEMORY. 

* 

The ])rincipal defects observable in manufactured glass^ 
are stria;, threads, tears, and knots. These, when 
they occur to any* extent, all impair its beauty, and 
some of them injure its actual quality. Although it is 
not difficult to attain such an amount of proficiency in 
tile manufacture as will preserve the materials fiom these 
evils in their extreiAe degree, yet, altogether to avoid 
their occurrence, and to obt^ii glass of a perfect quality^ 
is a task that loifg, and with only doubtfHil success, has 
engaged the thoughts aq^l labours of men devoted, to 
scientific pursuits. The di|Sculties that attend^ the 
attainment of this object are sufficiently proved by the 
fact that, during ten yeais, one of the most considerable 
and most scientific opticians in London has been dis- 
appointed in his efiPorts to procure a disc of fiint glass only 
five inches in diameter^ sufficiently fitted, by the absence 

11 4 
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of defects^ to be employed in the construction of a tele- 
scope. 

Striffi are undulating appearances^ perfectly vitrified, 
and equally transparent with any other part of the glass* 
they do not occasion any roughness or inequality in the 
surface, but result from a want of tongruity in the com- 
position of the particles which make up the substance : 
in other words, the structure is hot perfectly homo- 
geneous ; and although each different portion may be 
altogether good in itself, and the whole mass, if mad^ 
up of any one ‘of thes^ portions, would be equally per- 
fect in itself, yet, the whole acting without any uni- 
formity, the rays of light in passing through them are 
bent or refracted differently,^ a'rid the objects beyond ap- 
pear distorted. , 

This condition must exist to a considerable extent to 
be easily discernible by the naked eye, or detrimental to 
the quality glass, wdien applied to the more ordinary 
pur| 30 ses of use or ornament; but glass striated in a 
scarcely perceptible degree, is yet wholly inapplicable to 
the construction of optical instruments, where the objects 
they arc intended to present to the eye will be many 
times magnified ; and where, consequently, every defect 
or distortion that accompanies their trans^nission through 
the glass will be equally enlarged. The end proposed in 
the employment of these phdosopKical instruments, is 
the minutely accurate examination of distant or very di- 
minutive objects; and this purpose it is evident must 
be completely frustrated, by the defect here described. 

The name of threads is usually given to fibrous ap- 
pearances in the body of fhe glass,* which result froln 
the vitrification of clay. Their coloiir is greener than 
that of the rest qf die glass.^ Threads, if existing in 
great numbers, render tl^e material extremely fragile; 
and the same effect is produced, if, although fewer in 
number, the threads are individually larger. The cause 
of this increased brittlenesf is, that the dilatation and 
contraction at different temperatures, of glass which re. 
suits from the fusion of clay, differ from those of glass 
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made with siliceous sand ; for which reason^ each- in 
turn exerts a hurtful influence upon tlic other. 

Tears are^ perhaps^ the greatest defect that can be 
founH in glass. They are in fact an exaggeration of 
the imperfection last described^ and usu^ly proceed 
from the fusion and Vitrification of portions of clay 
that forms the arch of the furnace, and whicjii are suf. 
fereil to drop into the pots^ and to float in the' glass 
while in its state of fusion. Wherever these tears exists 
the materia] is brittle in a very high degree, so as fre- 
quently to ci«ck, without any •appareiTt cause, by the 
mere effect of t|je unequal expansion just described^ 
which accident is more likely to occur in proportion as 
the drops are nearer to tMfe ^surface. This defect is one 
of so serious a nature, that it is usiyil^ on discovering 
its existence, at once to throw aside the glass as useless. 
In places where, as is frequently the case in England, 
covered crucibles are employed, this accident is in a 
great degree avoided. 

Three kinds of knots are observable in glass ; one 
of these arises from the aggregation of several imper- 
fectly vitrified grains of sand. Another is owing to 
some portions of glass-gall not having befen removed 
during the refiiflSng ; and the third kind is produced by 
any small parts of the crucible or of the furnace whicn, 
having been abradeeP by tlie rubbing of the tools or other 
accidental circumstance, have fallen into the glass. 

Small bubbles arc frequently seen abundantly spread 
throughout the substance of the glass. Theses indicate 
^ an imperfect degree Of refining, add proceed from the 
disengagement of gas which^ occurs during tlie process 
of vitrification. Their presence announces that the glass 
has not been sufficiently ^uid in th^ course of its re- 
fining to allow of their dispe^^sion. This may happen 
through one of two causes, either thal a sufficient amount 
of fluxing material has not been used with the sand, or 
that the fire has not been sufficiently intense for the due 
liquefaction of the compound. These bubbles are chiefly 
objectionable on account of* their unsightly appearance. 



250 


GLASS manufactuhe. 


CHAP. XI- 


and do not reafly deteriorate the quality of the glass 
even for optical purposes. In this case each bubble acts 
as a small convex lens, rapidly turning aside the rays 
which strike against it, and occasioning a diminution of 
light in proportion to its area. But when these bubbles 
are even numerous, the sum of their unitetl areas will 
amount to only a small proportion of the whole sur- 
face of the glass ; and the loss of ‘ light will be incon- 
siderable.* 

It thus appears that the principal object to bo sought 
after in the mahufacturc of perfectly homogeneous glass 
is, to avoid those variations in the coipposition and spe- 
cific gravity of its different parts, which occasion^ the 
striated appearance described above. enter mi .lutely^ 
and at length, into a consideration of the means that have 
been proposed and adopted with a view to remedy this 
considerable evil, would present little that is amusing 
to thegenefal reader; while those persons who feel any 
particular interest in the subject, or whose taste for sci- 
entific research leads them to admire the detail of well 
considered and ably conducted plans for the mastery of 
a difficult operation, may gratify themselves by consult- 
ing Mr. Faraday’s truly valuable paper already referred 
to, and which will be found comprised Sn the Philoso- 
phical Transactions for the year 1 830. 

Some exceedingly favourable specimens of glass for 
optical purposes have lately been prepared by Mr. Green, 
the proprietor of the Stangate Glass-house ; a gentleman 
whose p^rrsonal attention has been uninterraittingly given 
during many years 1:0 all the practical operations and 
details of an extensive estafelishment. Mr. Green is (kr 
from asserting that in what has been accomplished he 
has arrived at atiy certainty in the solution of this dif- 
ficult problem, and feels- that at most he has hitherto 
made only an approach to it ; while, however, it is such 
an approach a» justifies the hope, tliat, through continued 
thought and exertion, a still greater and more important 
degree of perfection may he attained. 

Mr. Faraday, Bakeriaii Lc^t. ; Phil. Trans. 1830, 7. 
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The circi^mstances which attended the long-continued 
and laborious investigations on this subject of another and 
a very extraordinary man, are, in themselves, so curious 
and interesting, and seem likely to be followed by such 
important consequences, to at least one branch of the 
art,' that a treatise on*the manufacture of glass might 
be justly charged with incompleteness, if it -did not 
furnish at least a sketdi of those circumstances. . 

The following account is condensed from a memoir, 
read at a sitting of the Society of Physics and Na- 
tural History of^Geneva, on the IQ&i of February, 1823, 
as given in the ninetgenth volume of theQuarterly Journal 
of Science, published in London in the year 1825. 

The late M. Guinand born in an inconsider- 
able village, among the mountains of Ncufchatel in Swit- 
zerland. His father was by trade a joiner, and must 
have been in very indifferent circumstances, as his 
son was called upon to assist him when only ten years 
old, and without having acquired more than a very im- 
perfect knowledge of the first rudiments of learning ; a 
deficiency which was never afterwards supplied, as M. 
Guinand always read with difficulty, and wrote very 
imperfectly. He mu«ii even, at this early period, have 
been a lad of considerable talent, and of a disposition 
that urged him to the exertion requisite for raising his 
condition in society. We find him, when between thir- 
teen and fourteen years old, having quitted the employ- 
ment of a joiner for that of a cabinet-maker, chiefly 
engaged in making cases for clocks. At this period he 
acquired from an ac^uflintance some* knowledge of the 
art 5f casting and working in «netals, of which know- 
ledge he afterwards availed himself by adopting, when 
twenty years of agp, the occupation of a watch-case 
maker, the manufacture of watches forming a very con- 
siderable branch of industry in that part of the country. 

At the house of a person for whom he then worked, 
M. J. Droz, the constructor of several automaton figures, 
which forty years ago made the tour of Europe, young 
Guinand enjo}ied an opportunity of seeing for the first 
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time a very fine reflecting telescope which had been 
made in England^ and which at once appeared to liim 
so curious and interesting an object, that he petitioned 
for and obtained leave to take it in pieces, the more 
minutely to examine its construction. The use made 
of this permission was soon rendered apparent by the 
production of a similar telescope ; and this, which he 
had constructed with liis own hands, on being examined 
by many competent persons, was pronounced by them to 
be equal in excellence to that which had served him as 
a pattern. 

Surprised at this successyi the g/entleman to whose 
kindness he owed this opportunity questioned the artist 
as to his acquaintance witji the science of optics, and in 
particular to what treatise he was indebted for his pro- 
ficiency. The surprise of M. Droz was naturally in- 
creased on learning that the instrument had been produced 
without any knowledge whatever of the theory of optics, 
and with no more acquaintance with the practice of the 
art than had been acquired through the examination of 
the English instrument. M. Droz immediately placed a 
treatise on the subject in the hands of the young man, 
wdiich he rather deciphered than read; but the substance 
of which was imbibed by him so completely, that he was 
enabled, after witnessing the making of one pair of spec- 
tacles, to form and polish lenses, 'and to make spectacles 
for himself and others, which were pronounced to be 
excellent. Ilis principal amusement at this time was 
found tin manufacturing telescopes, which he got up at a 
cheap rate, forming the tubes of pasteboard. 

W^hen the important odisco very of achromatic glasses 
reached Switzerland, Guinand’s mind was very strongly 
excited by it; and M. Droz having obtained a telescope of 
the new construction, again permitted the young man to 
examine its various parts and structure. The very 
imperfect state of the arts at that time in Switzerland, 
and the deficient meanc of Guinand, prevented his 
achieving the construction of a similar instrument. He 
was unable to produce^ glasses of diflerent refractive 



CHAP. XI« 


M. GU1NAND« 


253 


power; an^ it was not until several years afterwards 
that an acquaintance^ making a visit to England^ con- 
veyed to him a piech of flint glass^ with which^ altliough 
it was* by no means void of imperfections^ being con- 
siderably striated^ he succeeded in making some ' olerably 
good achromatic glasses. Finding that not only the glass 
which he had himself worked^ but that every other spe- 
cimen which he examined was thus imperfect^ he wsl & 
incited to a more particular scrutiny into the subject^ 
and bringing into action all the knowledge he had ac- 
quired in the aft-t of fusion^ he rnefted in nis furnace the 
fragments of his dipt glass. All the satisfaction derived 
from this experiment was the acquirement of some degree 
of knowledge as to the com^sition of flint glass, some 
particles of lead being revived in the metallic state during 
the process. Guiriand was thirty-five years old at the 
tune when this fresh incitement led to his seeking after 
such chemical knowledge as might assist him In experi- 
ments on vitrification, and his evenings' employment 
during six or seven years was to melt in his blast furnace 
a few pounds' weight of glass, carefully noting down 
every circumstance attending each experiment^ that he 
might be enabled to continue such as affordccl any pro- 
spect of advantage, and to avoid others which had a 
contrary tendency. 

These small exj)eriTnents led to no decisive results ; 
and he was upwards of forty years old when, having un- 
dertaken a new^nd more profitable trade, that of making 
hells for repeating watches, he was enabled to •devote 
piore of his earningi^ tfi the prosecution of experiments, 
which he thencefortii undertook upon a scale more likely 
by their results to reward his perseverance. 

In this pursuit l\e was stUl exposed to numerous acci- 
dents and difficulties, which would have deterred most 
persons from continuing the research. His furnace, 
which he had constructed with his own hands, out of 
such materials as he could procure, and which was ca- 
pable of melting at once 200 lbs. weight of glass, proved 
defective. He was then obliged to procure materials for 
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tended surface of perfect material than the state of the 
block would, if previously known, have rendered pos- 
sible; dnd he was frequently able to procure discs of 
only small diameter, when, could he have been fully aware 
of the particular circumstaiicA of the glass throughout its 
substance, he might, by cutting In another direction, 
have obtained a more satisfactory result. 

^his disadvantage was remedied^ in a way a]4parently 
as untoward as it was singular and unexpected. While 
his men were one day* carrying a block of glass on 
a hand-barrow to a water sawmill, which he had con- 
structed at the fall of the riyer Doubs, a short dis- 
i^ance from his dwelling, the mass accidently slipped, 
and, rolling to the bottpin of a rocky declivity, was broken 
into several ]nece&. Endeavouring to make the best of 
this seeming misfortune, such fragments of glass were 
selected for operation as appeared to be fitted by their 
liomogeoeKy fdt the purpose; and tliese were softcnwl in 
circular ^oulds, in such a manner that they furnislied 
discs of a very satisfactory quality. Further examin- 
ation enabled Guinaiid to ]>erceive that the fracture had 
in a great measure followed the variations of density in 
the glass ; * and, pursuing the idea thus obtained, the 
artist thenceforth adhered to a inethod^^so singularly in 
the first instance forced upon him. 

After this, M. Guinand contrived a mode of cleaving 
the glass while cooling, so that the fracture accom- 
panied the direction of the more faulty parts ; by which 
course he frequently obtained masses of glass wliicli were 
absolutely homogeneous, weighiirg from forty to fifty 
pounds* These masses, Q^eft again by means of wedges 
into pieces of convenient shape, were rcmelted in moulds 
which gave them the form of discs ; an operation which 
didtcrs essentially from that used by other glass-makers. 

Several years of his life were thus employed by this 
extraordinary man in making bells for repeating watches, 
and constructing achromatic telescopes with glass of his 
own wmaring. The retireil spot wherein he resided, 
offimiimly very limited opportunities for acquiring a 
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jreputation in the world ; yet, by degrees, the superior 
value of Ids labours became appreciated^ and he was 
visited by such men of science as travelled dnto the 
neiglibourhood of his dwelling. By one of these, a 
knowledge of his merits was conveyed to *M Frauen- 
hofer, the chief of if celebrated manufactory fof optical 
instruments, established at Benedictbeurn Bavaria. 
This gentleman hating in consequence obtained some 
discs of glass made by Guinand, found their quality so 
satisfactory, that he repaired in person to Brenets, where 
Che artist reskled, and engaged hCim to sHtle in Bavaria. 
This was in 1 80.^ wheq Guinand was upwards of sixty 
years of age. He continued at Benedictbeurn during 
nine years, occupied solcfy^in th^ manufacture of glass, 
to the great increase of M. Frauenhofer's reputation. 

Being desirous, at the end of this time, to return to 
his native land, a pension was granted to him by the 
establishment, on condition that he should no longer 
employ himself in making glass, nor disclose Ms process 
Co any person whatever ; a condition which did not long 
agree with the still active energies of his mind. Be- 
lieving tliat by new experiments* he could raise his 
discovery to a yet higher degree of improvement, ho 
obtained the ciUisent of M. Frauenhofer to cancel their 
subsisting agreement; and relinquishing his pension, 
once again devoted Himseft* witli ardour to his favourite 
pursuit. * 

M. (iruinand lived for seven years after this time 
(181(>), and produced several telescopes of gwat mag- 
nitude, and remarkable for their 'excellence ; it being 
perhaps not the least extraordinary among the circum- 
stances attending *them, that, to use the words of the 
memoir, whence the foregqing account; is drawn, ‘^they 
have been constructed by an olc^man upwards of seve/ity, 
who himself manufactures die flint and crown glass 
which he uses in their construction, after having made 
with his own hands the vitigfyiug furnace and his cru- 
fubles; who, without any mathematical knowledge, 
devises a graphic method of^ascertaining the pioportiona 

B 
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of the curves that must be given to the lenses^ after- 
wards works and polishes them by means peculiar to 
himself ; and lastly, constructs all the parts of the dif- 
ferent mountings, either with joints or on stands, melts 
and turns the plates, solders the tubes, prepares the 
wood, and compounds die varnish.*'* 

Arrangements had been made by the French govem- 
mept for purchasing his secret, wh^ the artist, verging 
on his eightieth year, died, after a short illness. That 
secret did not, however, die with him, but is possessed 
by his son, who continues to labour in tlie employment 
so singularly commenced, and ro successfully and ciier- 
getically followed by his father. 

The name of Frauenhofei;. which has been introduced 
in the foregoing narrative, is one intimately connected 
with enquiries in the art of making perfect gla’^s. It 
would be wrong to leave the reader under an impression 
that the merit of this aitist was limited to the single act 
of patroqpge extended towards (fuinand, and which, al- 
though indicative of his discernment as a tradesman, 
would afford no reason for investing him with any part 
of the extraordinary merit which truly belonged to his 
character. 

Like (xuinand, his heginning in life was humble ; 
being indebted solely to the powers of liis own mind 
for the eminence to which he attahicd. Having occu- 
pied the lowest station as an ordinary wuikinan in a 
great manufacturing establishment, he by the force of 
his transcendent talents, and in the course of a few years 
raised himself to fne chief direlCtion of its husinesB. 
Duiing the intervals of labour he acquired a compe- 
tent knowledge of mathematical science; and de\oting 
himself to tlie perfection of the refracting telescope, 
propped that he possessed a truly philosophical and 
scientific mind. Having soon mastered the theoretical 
difficulties whoch presented themselves, he still, however, 
* found all his labours unavailing, through the imperfec- 
tion of the material employed; and set himself to remedy, 
this evil, by a series of admirable exx>eriments. 
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It might be thought invidious to enquire in what 
degree his success in these was owing to the previous 
4al^urs and assistance of Guinand^ or how far his cli&. 
coveries were personal and original. Both produced and 
left behind them syecimcns of perfect glass in large 
pieces ; but the public has equally in either case to 
regret the want of Jcnowledge as to the processes em- 
ployed for the attainment of an object so desirable. • 

Frauenhofer died in the year 1 826, at an early age ; 
a victim, it is said, to unremitting attention bestowed 
upon an unhealthy employment. Had fiis life been con- 
tinued to the same lengthened period as was allotted to 
his fellow-labourer, what^ might not the world have ex-i* 
pected from one, who so oarly had burst the chains of 
ignorance, and overcome tlie paralysing difficulties of 
birth and adverse fortune ; taking liis station during life 
among the genuine philosophers of the age, and falling, 
admired, and lamented, and eulogised by the* most scien^ 
tific societies of Europe ! « 

The great value of flint glass, from which all percep- 
tible defects are absent, may be imqginer! from the sketch 
which has here been given of the efforts inade for its 
production. Very high prices are, in fact,*paid for ob- 
ject glasses of*a satisfactory quality, which are of any 
magnitude ; while even ^mall fragments of such glass 
are sought after by ^opticians with great avidity. 

A few years ago the director of one of the London 
glass-houses having made a pot of flint glass for optical 
purposes, sold this, in the regular course of his^business, 
to a commission |nerchant, who transmitted it to his 
correspondent on^the Continent. Some months having 
elapsed thereafter, during which time its possessor had 
ascertained ,the true valuesof his purchase, the manufac- 
turer was surprised a trecciviag niyuerous enquiries on 
the subject of this lump of glass, on the part of several 
English opticians. These were anxious fo procure por- 
tions of a material, the fame^f which had reached them 
from abroad. Upon this, the maker instituted a search^ 
and having succeeded in identifying some fragments^ as 

8 2 
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having formed part of the same melting, was enabled to 
procure very considerable prices for that upon which he 
had previously set little or no value, and which had 
been preserved only through accident. 

On a yet more recent occasion, information having 
reached London that a large and "superior object glass 
was on sale in the metropolis of a neighbouring king- 
dom, one of our most celebrated astronomers hastened 
across the channel, and while others were chailering 
with its possessor about the price, our countryman stept 
in, and paying at once the full amount demanded, 
brought off the prize to the gacat mprtification of hia 
competitors. 
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CHAR XII. 

ON THE SPECIFIC GRAVITY OF GLASS. * 

IMPORTANCE OF THIS ftUALlTY. EXPERIMENTS OF LOTSEL. 

ms REASONINGS AND FORMUEiG. SPECIFIC WEIGHT A*UG- 

MEVTED BY LIME. MIXED GLASSES. TUEllL SPECIFIC 

WEIGHT. METHOD OF D£TERMlNy«C THIS. INFLUENCE OP 

TEMPERATUUlfc ON THE SPECIFIC WEIGHT OF GLASS. 

• 

The specific gravity of glass is a quality of consider- 
able importance, when th6 piaterial is required for con- 
version into the object-glasses of achromatic telescopes^ 
or for tlic composition of counterfeit gems, although any 
very minute attention to this point is not considered 
essential in conducting the commoner x)Tocdsses of the 
glass-house. 

Loyselj to whose justly esteemed work on the art of 
glass-making allusion has been so frequently made in 
these pages, went through a series of experiments upon 
the specific gravities of various vitreous bodies, with the 
view of giving %uch instructions for the composition of 
the nicer qualities of glass, as should absolve manufac- 
turers from the necessity of making those preliminary 
trials upon every occasion, which are attended by much 
inconvenient delay in the prosecution of extensive oper- 
ations. • 

^ Adopting the practical aim of "this French audior, 
sdme of his ingenious formuk* will be here given, toge- 
ther with a statement of the premises whereupon they 
were founded. ^ • • 

The specific gravity of water being expressed by the 
number 100, that of sand is 263 ; while soda deprived 
of all carbonic acid by fusion in the furnace of a glass- 
house, is nf the specific weight 199 > and the same sub- 
stance, when brought again by cooling to a concrete state^ 
is not heavier than 222 * it might, therefore, be sup- 
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posed that the specific weight of glass^ considered as a 
compound of sand and alkali^ would be diminished in 
proportion as its dose of silica was lessened and that 
of its alkali was augmented. l*he contrary of this' fact 
results, however, from the combination of these two sub- 
stances throfigh the agency of fire. * 

Sand,'* says M. Loysel, contains, in addition to 
silica, some other substance, the nature of which lias not 
been investigated, and which is sensibly disengaged from 
tile silica by the alkali, in the form of an elastic fluid, 
in the act of thMr combination to form glaei^s. 

We are ignorant of the degree wjierein caloric ad- 
heres more or less strongly to one or other of these 
substances, in other words,, their capacity for heat is 
not known ; but, in order to avoid errors, it will suffice, 
that we know the results of several similar combinations. 
If we ascertain carefully, the doses of silica and alkali, 
which compose glasses formed of these substances at 
different degrees of heat, together with their various 
specific gravities, we perceive that the differences be- 
tween their doses of alkali are obviously proportional to 
the differences of tbeir weights. Knowing then how 
far these proportions vary in respect of two descriptions 
of glass, we have it in our power to cohipute, with re- 
spect to a third composition, either its quantity of alkali 
from its specific gravity, or, on the other hand, its weight 
from its dose of alkali. 

From actual experiments made on different glasses, 
the following results have been obtained, the weight of 
water being eXpresseU by 100 : — ^ 

* t 

Glass, No. 1. contained K() parts siliraf SO parts alkali, its specific gravity S3S 
No. 2 . — .04 — silica, 46 — alkali! its specific gravity £54 

Difference * , - . 26 , IS 

If it be then required to know what proportions of 
ihe same materials must be used for the production of 
another glass. No. 3., the specific gravity of which will 
be 242, the solution of the question may be found by 
the following formula : — the difference between the 
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specific weights of the compounds 1. and 2.^ which is 
18^ is to tlie difference between the weights of 1. and 3., 
which is 6 : so is the difference between the doses of 
alkafi employed in Nos. 1. and 2.^ which is 26^ to the 
difference between the doses of Nos. 1. ann 3., and 
which difference is thus found to be y, Addihg tlien 
this number to that which represents the alkah of No. 1.^ 
we may conclude tRat the glass of No. 3. must contain 
29 parts of alkali and 71 parts of silica. It has &en 
proved by experiment that glass of the. specific gravity 
proposed, 242, is composed by the uniott of 70 of silica 
with 30 of alkali. , 

When a manufacturer has thus two well-established 
results to serve as genefa^ means of comparison, the 
simple ascertainment of specific gravities will suffice for 
determining if any variation has taken place in the ma- 
nufacture, as well as for discovering, and in general re- 
medying, its cause. • 

If any lime enters into its composition, as is the case 
with glass of common quality, its weight is rapidly aug- 
mented, and it is therefore useful to determine, from 
time to time, the weight of the *glass produced, com- 
paring it with that of some other sample which is known 
to have been ^fcll and carefully made. If it is seen that 
the weight increases, it may be concluded, either that a 
larger proportion than uSual of lime is present, or that 
the fire has not b’ten sufficiently urged, and that too 
large a proportion of alkali has been allowed to remain 
in ct>mbination with the glass. • 

The rule already stated is said by M. Loysel to apply 
'^ith equal certainty to th^ heavy glasses composed of 
silica and oxide* of lead, the differences between the 
weights of various speeijnens of fliqt-glass being also 
proportional to tlie difference^ in their quantities of me- 
tallic oxide : — 

Glass, No. 1. composed of S7 sand 73 minium, has a J^ccificgtavitjrof .OSD 
No 2. ... 11 — ^ _ 607 


Difibrence 


16 


137 
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From these data, the specific gravity of another com- 
position, No. 3 . — made up of 20 parts sand and 80 
parts minium, may thus be ascertained : — As the differ- 
ence between the quantities of minium contained in Nos.l. 
and 2. is to the difference between the proportional 
quantities of minium in Nos. 1- and 3 .; so is the dif- 
ference between the weights of I. and 2. to the difference 
between the specific gravities of 1. and 8., and which is 
thus found to amount to 5f) ; which number, the 
quantity of oxide being greater in No. 3 », must be added 
to 520, the weight of No. 1., and we thus* have 579 
the weight of the proposed comjMsition. 

In forming flint glass, it is proper, in addition to the 
sand and minium above supposed, to employ alkaline 
substances ; and it is desirable that the manufacturer 
should have it in his power to predict, within a trifling 
amount, the specific weight of every compound that he 
may determine to employ. The means to he employed 
by him for the attainment of this end are founded oir the 
following considerations : — 

The manufacture of flint glass requires the employ- 
ment of a lower degree of heat than is necessary for the 
formation of other descriptions, which do not contain an 
equal abundance of fluxing materials foi*^vitrifyiiig the 
sand. Tlie temperature of the furnace is commonly 
such, that if glass be made in it confposed of silica and 
alkali in such proportions that the one will saturate the 
other, it will usually contain about 7«^ pqrts of silica, 
and 25 parts of alkali ; and this glass will have a spe- 
cific gravity of about*’24. The safnq means of heating 
being employed, 73 parts of minium will be saturated 
by 27 parts of sand, producing glass tfie specific weight 
of which is 52. In.practice, it is, however, probable, that 
75 parts of minium will combine with 25 of sand, and 
the result will have Ae specific gravity of 54. 

On the other* hand, if two glasses of different charac- 
ter, one of which is composedof silica and alkali, and the 
other of silica and lead, are melted together, the specific 
gravity ^ each being known, the weight of the com- 
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pound resulting from their union will depart in only a 
very trifling degree, from that which would be given by 
calculation, acSbrding to the usual rules for determining 
the • specific gravities of alloys. The same result will 
equally ensue, if, instead of thus previously forming two* 
diflerent kinds of glass, the materials of whi'bh they 
should be composed arc themselves brought together for 
the purpose of theif original vitrification. 

If, then, we consider the sand of the composition as 
divided into two portions, one of which must necessarily 
combine with the minium for it% vitrification, while the 
other is required for t[ic saturation of the alkali — the 
surplus quantity, if any, of the latter constituent being 
dissipated by beat duriitg the process of vitrification, 
the calculation necessary for determining the weight of 
the com pound will proceed according to the following 
example ; — 

Let it be supposed that the manufacturer wishes to 
foriu flint glass by the union of 100 parts of sand, 50 
parts of minium, and 40 of potash. These materials 
might be divided into the following proportions for pro- 
ducing two very different descriptions of glass : — Thus, 
the 50 parts of minium, which would be reHluced in the 
process of vitrification to 48 parts, would be completely 
vitrified by the addition of lO parts of sand; the abso- 
lute weight of glas* thu5 formed would be ()4, and its 
specific weight (thSt of water being 10) would, as be- 
fore stated, be 54. The quantity of sand remaining 
(84 parts) might be combined with the wlioie of the 
potash; but as, in the* process of viPrifi cation, all the sur- 
plus quantity of the alkali wo^ld be dissipated, glass would 
be formed contaiifing 84 parts of sand and 28 of potash, 
having 1 12 as its absolute and 24 as jts specific weight. 
If, then, the whole materials ^re placed together in the 
crucible for their original vitrification, we shall have, 
after the reduction of the minium by 2; parts, and the 
dissipation by heat of 12 pgrts of potash, a glass, the 
absolute weight of which is 1 76 , and whereof we desire 
to know the specific gravity* For ascertaining ^is, the 
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CHAP. XIII. ' 

ON THE ART OF GOLOUR/nG GLASS. 

AKTIQUITV OF THIS ART. — SPKCIMENS &F ROMAN MOSAIC. — 

ANALYSIS OF THESE BY KLAPROTH. METALLIC OXIDES. — - 

GOLD- PURPLE. ITS GREAT COLOURING POWER. KUNCKEL. 

HIS PROFICIENCY IN COLI^URING GLASS. — YELLOW COLOUR 

FROM SILVER FROM LEAD FROM TAItTAR FROM 

BEECUWOOI) CHARCOAL FROM GRIDE OF IRON. — GREEN. 

SLACK GLASS. SLUE. DIRECTIONS FOUND IN OLD A UTIIORS. 

IMITATION OF THE CARNET-*- OF THE AMETHYST OF 

THE EMERALD — OF SAPPHIRE^. OPAOUF GLASSES — BLACK 

W'HITE. OPAL. ANCIENT PICTURFS FORMED OF CO- 
LOURED GLASS — HOW FKECOTED. DESCRIPTION OF ANCIKNI’ 

MOSAICS. MORE RECENT PROSECUTION OF THIS ART. ACCI- 

DENTAL COLOURING OF PLATE GLASS AT ST. GOBAIN. — INEF- 
FECTUAL ATTEMPTS TO REPRODUCE THIS EFFECT. 

It appears probable that the art of colouring glass was 
discovered and prosecuted at a period very little sub- 
sequent to that of the manufacture of the article itself. 
The most ancient authors who have meiLtioned the ex- 
istence of the material^ have also recorded the fact of its 
being tinged with various colours, iii imitation bf gems. 
Strabo, Seneca, and Pliny, all make ftiention of this use, 
as being one to which glass was applied by artists in very 
early times. 

'rhe fact has already been mentioned of coloured 
figures having been found vfith Egyptian mummies, and 
which are, therefore, known to have be^ in existence for 
upwards of 3000 years. The^e curious relics of ancient 
times have also been discovered decorated with coloured 
glass beads ; and a "mummy tlms ornamented is to be 
seen in the Bri/ish Museum. 

In the reign of Augustui|. the Romans began the use 
of coloured glass in the composition of mosaic decorations. 
Several specimens of tins Idod have been found at a late 
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period, among the ruins of a villa Luilt by Tiberius in 
the island of Capri ; and some of these specimens havmg 
been subjecied to analysis by the accurate and ingenious 
Kla})roth, it is known that in that early tim^ recourse 
was had to the same class of colouring ingrcdiejits as is * 
employed by the moderns. Some difference must, indeed^ 
have been observed in their processes, as the ancients were 
unacquainted with the use of the mineral acids, which 
are now found to be so convenient in die pieparatioii of 
metallic oxides. 

Klaproth has given the following as the result of his 
examination of some of tlie iloman specimens above 
mentioned : — 

One which was a lively popper red, opaque, and very 
bright where recently fractured, contained, in 200 
grains, — 

Silex - - - 142 

Oxide of lead - * - * 28 

copper - - 15 

iron - . 2 

Alumine - - , - 5 

Lime - - - - 3 

• 195. 

Another, a light vCrdigris green, also opaque, with a 
splendent fracture and scoriaceous, contained in a si- 
milar quantity — 

Silex - - ^ - l30 

Oxide of copnef - - * - 20 

• leacf * - 15 

iron - - - 7 

Lime ^ - • - -• 13 

Alumine - » - • » 11 

• 196. 

It is remarkable that the constituent ingredients of 
both these specimens should prove to be the same. 
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!i^ulniinating gold^ prepared by precipitating the metal 
from its nitro-muriatic bolution by means of ammonia^ 
is also used in colouring gla&s ; but as this preparation 
would explode violently when exposed to a heat even Very 
much billow that to which it must be subjected in use^ 
this explosive property must Ifc previously removed by 
mixing it with a fixed alkali^ and retaining it for some 
time at a comparatively low temperature. A more 
manageable preparation results from the precipitation of 


the nisro-muriate of gojd by means of carbonate of pot- 
ash. This is not fulminating, as it is froni the presence 
of ammonia that the explosive property is derived. 

A very ingenious process has been used for producing 
an intimate union between the oxide of gold and silex. 
This consists of adding to the solution of the metal in 


nitro-muriatic acid, a proportion of silica dissolved in 
an alkaline lixivium, and pouring therein any acid in 
suffi^Ckit quantity to saturate the alkali. In this case, 
thd wex and gold are precipitated in very intimate com. 
bination ; and if then washed with clear water, dried. 


and mixed with nitr^, borax, or any other suitable flux- 
ing substanpe, will be fit for use as a colouring material. 

When the precipitate of Cassius is employed, about 
one sisSith part of its weight is added bf perfect uhitc 
oxide of antimony. This, f|:oin imparting a yellowish 
tinge, is considered to be an important ingredient in 
fine ruby-coloured glass. 

The proper management of the heat e^iployed in the 
pioductmn of this qnuch-admired preparation is a diffi- 
cult acquirement, known only to cle;yer and experienced 
artists. If the temperatuife be allowed to rise too high, 
the colour will be much injured, and probably even alto- 
gether destroyed.* The coiitcrt of cv^ry kind of smoke 
and vapour should also be carefully avoided in the fusion 
of ruby-coloured glass, which is said to be apparently 
colourless wh£n it leaves tlie crucible, and only to put ^ 
on its exquisite tint as it becomes cool. 

Kunckel and other old writers upon the art of manu- 
facturing glass have stated/ that the colouring powers of 
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the purple precipitate of Cassius are so considerabll^, as a 
that one part^ if added to one thousand parts of glasii^ 
will impart to the whole a full rich body of colour. 

The artist just mentioned^ who was greatly celebrated 
for his attainments in this ornamental branch of the art,* 
was in consequence? enflobled by Charles XI. ‘king of 
Sweden, and assumed the name of Lowenstiern. He 
made artificial rubies^ which were highly esteemed^ and 
which he sold, in the nianner of real gems, according to 
their weight, and at very considerable prices. The 
achievement •upon which he most prirfed himself, was 
the production of a cup of ruby glass, wliich was of the 
thickness of an inch, and weighed twenty-four pounds : 
this cup went into tlid posbcssion of the elector of 
Cologne. 

Kunckcl directed, in 1 679> the operations of the glass- 
houses at Potsdam, where he met with the greatest en- 
couragement, asid was liberally assisted in his re/Mli^es 
by the elector of Brandenburg, who expended 'ilbj|Ktoum 
of 1 600 ducats to assist the efforts of the artist towards 
attaining perfection in the art of making ruby glass. A 
cup, with a cover of this material, which was made by 
him, and is still in existence at Berlin, continues to be 
an object of m%ch admiration. 

Silver, in all its forms of oxidation, imparts a very 
pure and beautiful bellow colour to vitreous bodies ; but 
this colour is easily destroyed, through the accidental 
employment of ^ high a degree of beat ; an evil against 
the occurrence of which it is so esfpn^ingly difficult to 
, proviile, that silver isVery seldom resorted to as a colour- 
ing material by fi^ss-workeis. The inconvenience here 
mentioned may in some degree be avoided when oxides 
of silver are used in coipbination widi alumine, as p 
the omam^ting of porcelain > but ^this remedy is 
festly inapplicable to glass. Other bodies can, howevw, 
be used with the best effect in imparting*a yellow colour 
€b tliis substance. • 

Oxide of lead employed alone, if in very considerable 
quantity, would give a ver^ good yellow colour ; but as 

T 
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it would require that at least three fourths of the weight 
of the glass should be made up of tliis oxide^ in order to 
give sufficient intensity to the colour^ it is very seldom 
used for the purpose: Glass thus formed would be in- 
' conveniently soft, and from its powerful fluxing quality 
would act injuriously upon the (crucibles in which it was 
made. 

Chromate of lead, which is not 'liable to the objec- 
tions just mentioned, is on that account UEed prefer- 
ably. Before the comparatively recent discoveries in 
chemical science had shown to artists in *tvhat manner 
to procure this valuable colouring ingredient with suf- 
fleient facility and at a moderate cost, the makers of 
coloured glass employed the pxidcs of lead, silver, and 
antimony in combination ; for the production of yellow 
colours ; varying the proportions wherein each substance 
was used according to the hue which it was desired to 
impart. 

Colours varying in their shades from brown to a fine 
transparent yellow may be given to common glass by sim^ 
ply adding to it, while in a state of perfect fusion, some 
vegetable carbonaceous matter. This must always be 
supplied in excess, since part of it, rising to the top of 
the crucible, will be burnt away ; but scfAie portion will 
also continue uniformly diffused throughout the glass, 
and, without at all impairing its transparent quality, will 
give to it a very fine yellow. The substance which most 
commonly has been employed for this pprjjose is tartar ; 
but almoiat any solid and inflammable vegetable matter 
will probably answer equally well. ‘’Charcoal made from 
beechwood is found to be ^altogether efficacious. The 
addition of a small quantity of nitre is sometimes useful 
* in clearing the colour and removing any cloudiness whicli 
ii it may have contracted ; . but if great discretion be not 
shown in die addition of this substance, the colour will 
be altogether destroyed. During the time of its pre- 
paration, the glass swells t^ery much in the crucible, 
owing to the escape of part of the carbonaceous matter 
in the form of gas ; and when tartar is employed, this 
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effect is experienced in an exaggerated degree. It is 
said that this effervescence might be avoided if freshly 
bunit and perfectly dried charcoal were heated strongly 
in a close vessel^ and added in that state to the contents 
of tjie crucible. 

The oxides of iron give many and very different shades 
of enamel colours. , It has already been mentioned^ that 
the green colour of common bottle.glass is owing to the 
presence of iron in the unpurified sea-sand and ashes of 
which it is composed. An i^preased^ quantity of this 
oxide, if applied to glass when in a state of perfect vitri- 
iication, will give a yellow colour to the mass. A still 
larger quantity will impart a brownish black hue, which, 
however, appears to be nothing more than a yellow very 
highly concentrated, as the latter colour may be again 
produced by simply diluting the contents of the crucible 
with an additional quantity of uncoloured glass. 

The red colour which is imparted by the oxides of iron 
to porcelain, is owing to its state of imperfect vitrifi- 
cation, whereby the metal is held suspended in a state 
of 'minute division throughout tbe mass, which same 
effect is indeed apparent in the treatment qf glass up to 
a certain point ; but when in the advancing stages of 
vitrification thi h^at is raised so tliat a perfect fusion of 
the glassy substance as wpll as of the oxide is produced, 
the colour is imraejiately converted to yellow. 

The use of the black oxide of manganese in correcting 
the impuritii^ of the alkali employed in the original com- 
position of glass, as well as in renqoving the green tinge 
rpsultingfrom the presence of iron in the sand, has already 
been explained, ^here the5b imperfections do not exist 
in the original ingredients, if manganese be added to the 
glass, it wijl impart a pwplish red cdlour. This oxide 
also forms a principal constiment in ^the production of 
black glasses : it is most commonly used in combination 
with nitre. If any portion of arsenical*salts should he 
present in the glass, it is altogether useless to attempt the 
employment of manganese as a colouring ingredient, 
since its efficacy would be Wholly destroyed. 

T 2 
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All the simple as well as the carbonated .oxides of 
copper^ when perfectly vitritied in conjunction with any 
kind of glass or fluxing material^ will yield a very, fine 
green^ and the chances of complete success in the attain- 
* ment of, this are greater than attend tlie production of 
most other colours. It appears to be nearly a matter of 
indifference which of the combinations of copper with 
oxygen are employed for the purpose. The preparations 
most usually chosen are either the carbonated oxide re- 
sulting from the additiqn of sidphate of copper to some 
carbonated alkali^ or that which is known as the fPif ufttum, 
which is copper oxidated and calcined simply by means 
of heat and the access of air. ^ 

Copper may be made to ^ield a carmine red colour^ 
and if mixed with iron^ a full deep red^ by 
the glass with which it has already been comCnTed a 
quantity of tartar. This addition must not be made 
until the glass is in a state of perfect fusion, and the 
mixture should be worked off without delay. It should 
be mentioned that wdien used for the production of these 
colours, the oxide of copper must be reduced to nearly the 
reguline state. If the heat is continued long after the 
tartar has been added, the effect will be lost, and the 
green colour restored. 

\nien the oxides of copper and ^iron are thus united 
for developing a full deep red colour, the iron must be 
to the copper in the proportion of three parts to one ; 
and according as this jiroportionate difference is lessened, 
so will the colour be; found to approach to the carmine 
tint. < 

The time for stirring in^'the tartarc should be chosen 
when tlie melted glass appears of a faint greenish yellow; 
the whole mass \ffill then inftnediately swell up prodi- 
giously; and upon again Subsiding will appear, as before 
stated, of a clear red colour, and fit for being imme- 
diately used. *It is probable that charcoal or other car- 
bonaceous matters might b^ substituted for tartar in this 
process with equal success. 

Copper in a state of o^dation is often used when 
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combined^ with the oxides of manganese and iron for the 
production of black glass. 

The protoxide of chromium may be used for producing 
a green colour in glass^ with as much advantage as attends 
its employment in the embellishment of porcelain^ thafr 
substance being capftblc of sustaining without injury the 
highest heat of the crucible. Chrome is, the natural 
colouring matter o!* the precious emerald, and is found 
to be a very valuable substance in the composition of 
artificial gems. 

Oxide of Cobalt is universally employed for the pro- 
duction of blue colours in vitrifiable Ixidies. The fine 
deep shade which it iin])arts is unalterable by fire of any 
degree of intensity, and “sycceeds equally well with every 
different composition of glass. 

This metallic oxide is also employed towards the com- 
position of other colours : combined with the oxides of 
lead and antimony, it fumislics a green; tind if mixed 
with those of manganese and iron, produces a very fine 
black. 

Neri, Kunckel, and Fontanieu have left in their 
writings many recipes for tlie preparation of artificial 
gems through the employment of different colouring 
materials, 'Ffte directions, as given in the works of these 
authors^ differ so importantly the one from the other as 
■regards tlie jiroporGons best fitted for tlie composition of 
the same article, tflat wc are forced to believe either that 
some great jjrrors have been committed on the part of 
their subsequent editors, or that the writers •themselves 
were wanting injthb kind and (fegree of knowledge to 
wliich they pretended, and which were required to fit 
them for the taslc they undertook. 

A few of th^se recipqp, and such«as appear most free 
from this objection, may beJiere given. 

The basis of each of these compositions is most fre- 
quently ^either one of the colourless glasses or pastes 
described in Chapter VIk, or some other very similar 
vitreous compound ; but it sometimes happens that the 
T 3 
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constituent materials of the glass^ and the piipportions 
wherein they are to be brought together, are indicated aa 
well as the colouring substances. 

The following is recommended by Neri, as furnishing 
'a very exceUent imitation of the garnet : — Rock crystal 
2 ounces, minium 6 ounces, manganese l6 grains, 
zaffre 2 grains. This must be a^vcry inconvenient 
composition, both on account of the exceeding softness 
of the glass, and the destructive effect it would liave upon 
the crucible during the^ time of its preparation. We 
learn from the analysis of Berzelius, that the colouring 
matter of the precious garnet,*’ that being the variety 
which it is wished tlius to imitate, consists of the black 
oxide of iron and oxide of manganese. A more modem 
rscipe than the foregoing for the successful imitation of 
this gem, consists of purest white glass 2 ounces, glass 
of antimony 1 ounce, Cassius's precipitate 1 grain, 
oxide of manganese 1 grain ; which composition is 
free from the objections to which that of Neri is so 
justly exposed. , 

The directions of ]|fontanieu for imitating the colour 
of the amethyst are, that to 24 ounces of tlie glass com- 
posed according to instructions given in Chap. VI 1. under 
the number are to be added half an ounce of the ox- 
ide of maganese, 4 grains of the purple precipitate of 
goldj and IJoz. of nitre, but it is inipossible to believe 
that the recipe of Fontanieu has been correctly given. 
7'he quantity of colouring matter here indicated would 
be better ^proportioned to 24 pounds of glass, than to 
the same number of ounces as directed. 

Many, and greatly varying instmCitions have been 
given for imitating the emerald. Fontanieu recommends 
l60 parts of any glass basis which contains a large pro- 
portion of lead, 4 payts of- oxide of copper prepared by 
simple calcination, and -^th of a part of any oxide 
of iron; which*’ last ingredient is added for the pur- 
pose of giving something liki; a richness of tint, and for 
correcting the coldness of hue that would result from 
the employment of the oxide of copper alone. The 
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presence pf lead in the glass would also conduce to the 
same end. 

j^nother role given from the same authority directs 
the use of 576 parts of glass, similarly conbtituted to 
that, pointed out in the last receipt, 6 parts of the same* 
oxide of copper, an^L only 7^4 th of a part of oxide of 
iron ; thus differing from the former compound, oidy 
as to the proportions wherein tlie colouring ingredients 
are employed. * 

A third receipt for the attainment of the same object 
is very diiforftit from the two preceding.* It recommends 
the employment of 200 parts of line sand, 400 parts of 
minium, 8 of calcined verdigris^ and as much as 1 
part of oxide of iron. *A fourth method for the com- 
position of glass of an emerald green is, to mix, in due 
proportions, some blue glass coloured by means of oxide 
of cobalt, with yellow glass prepared with oxide of anti- 
mony. A great many other prescriptions afe offered for 
the imitations of emeralds, but these vary more in the 
relative proportions of their ingredients than in the 
principle of their composition ; and it cannot, therefore, 
be necessary to insert them here. 

The imitation of sapphires is always effected through 
the colouring *agency of the oxides of cobalt and man- 
ganese. .There is, however, a material difference as re- 
gards the basis o^the glass in the various directions 
which are found for the purpose; one recommending that 
this shall be^composed without lead, and another direct- 
ing that this mineral shall enter largely into the compo- 
t^ition of the ])astie.* To 100 parts of glass of the first 
kind it is directjpd that Impart of zafire, and Vj^th of 
a part of oxide of manganese shall be added. Where 
the second description oli paste is recommended as the 
basis, the artist is direct^ •to prepare this by adding 
to 240 parts of glass frit ma4e with only soda and 
silica, 192 parts of minium, 2 of zative, and -^d of a 
part of manganese. This compound must be fused to- 
gether, pour^ into water, and then remelted as directed 
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by Fontanieu^ for the formation of tiie pastes^eaciibed 
in Chapter VIL 

The oxide of cobalt in the present day^ a necessary 
ingredient in every imitation of the sapphire^ so that it 
•is never attempted to act without it. We have aeen, 
however^ that a very fine blue glass was formerly made^ 
having tiie oxide of iron forlts colouring mgredient^ and 
as it, is known that the colouring property of real gems 
liaviiig that huc^ resides in this metal when in some 
particular state of oxidation^ wc must own to having 
lost, in this respect^ one means of iinitAiiig nature, 
which was known and exercised by our predecessors. 

The coloured glasses comprised in tlie foregoing de- 
scriptions, are all translucent. iTI^he preparation of others, 
which have the opposite quality of opacity, is effected 
either by means of applying excessive doses of the same 
metallic oxides which, in smaller quantities, are used for 
imparting colours ; or by the addition to those oxides 
oifeome other substance which has the property of ob- 
structing the rays of light in their passage through tlie 
glass. ^ 

In general^ the first method is used only fw the pro. 
duction of black glass, while the second plan is pursued 
with all other (lescriptions, as well thi^sc which are 
designed to retain a permanent jvhitc colour, as vith yel- 
low, blue, green, or any other coloured opaque glasses. 

The most apjiroved method of preparing black glass, 
of goi'd quality, which shall be of a full deep black and 
perfectly opaque, is by mixing together equal parts of 
black oxide of manganese, zaffre, and protoxide of iron; 
adding one part of this mbeture to fifteen or twenty 
parts of colourless transparent glass, and fusing the 
whole together. • t 

Some large and beautiful* slabs of perfectly black glass 
have lately been imported into London from St. Peters- 
burgh, and appear well fitted to be used as substitutes for 
marble in the construction of certain articles of house, 
hold furniture. 



CHAP, acni* WHITB OPAQtyD O&ASS. * 281 

Whit^ opaque glass, which has this quality imparted 
VOi it by means of the oxide of tin, is called enamd ; 
and it is this substance of which the diaUpktes of 
wattes and of table clocks are commonly made. This 
coiqpound is, however, too expensive for more ordinary 
uses, and a very good white glass is made for such pur. 
poses by substitutiyg for thC oxide of tin, a considerable 
proportion of phosphate of lime in the state of a very 
fine powder. This substance is procurable in great 
abundance, and at a moderate cost, in almost every 
situation. IMiosphate of lime is extremely infusible, so 
that the opacjueiiess of the glass with which it is unitetl, 
arises from its iiolding in intimate mixture an unvitres- 
cible earthy salt. * • 

One receipt given by Neri for producing white opaque 
glass is as follows: — Mix together 60 parts of tine wliite 
hand, and 40 parts of potash, with JO of finely pounded 
bone-ash, and melt the compound during the same 
length of time ab is usually employed in ordinary gTfldiB. 
making. It is said that ^is glass is tiansparcnt for as 
long as it continues at a full re^ heat ; and tliat. as it 
gradually cools, it first puts on a milky ap^arance, and 
afterwards becomes wholly opaque. If this change does 
in reality talJb place, and is not rather the result of a 
dcceptiqn which prevents die proper distinguishing of 
its degree of o])acyy while red hot, it may probably arise 
from the cii cuinstance diat die excessive heat of the 
melted glas^ enables it to take up a greater quantity — 
in other words — to supersaturate itself widi the phos^ 
phate of lime, w|)icli it parts witl^ again in cooling. 

Another receqit of the same artist is 1 30 parts of cal.^ 
cined flint or fine sand, 70 parts of nitre, lii of borax, 
12 of tartfate of potash, ^ of arsenic, *aiid 15ofbone.ash. 

Fontanieu has given direction^ for imitating die pe- 
culiar lustre of the semi-transparent opal, by mixing 
576 parts of lus glass No.S. (C’hap. Vl>.), with 10 parts 
of muriate of silver, 2 patts of magnetic iron ore, and 
26 parts of bone-ash. The beautiful play of colours 
exhibited by the precioif^ opal” is deserve^y an object 
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of much admiration^ and it h&s always been a ^ibject of 
interest to imitate successfully so pleasing an effect. 
Ornamental pieces of opal glass have usually been ob- 
tained from France ; but their production^ of a quality 
fully equd to these importations^ may now be witnessed 
in the London glass-works. 

^ The peculiar delicacy and beauty ^f this glass do not 
appear while it remains in a state of fusion or at a red 
heat^ and are not fully developed until it is sufficiently 
cooled to have acquired its quality of brittleness. 

Other coloured* glasses which are opaque^ hre made by 
the same processes as are followed with transparent 
glasses of the like colours, substituting for the common 
vitreous base, one of the abov/i ‘described, opaque-white 
glasses. 


The ancients employed methods of converting co- 
loured glasses into representations of natural objects, 
which were extremely beautiful, and the manner of pro- 
ducing which is now lost. The existence even of this 
art is only known in tjiiese modem days from specimens 
which have been accidentally discovered ; and our know- 
ledge of die peculiar nature of their formation is wholly 
derived from the examination to which lltese specimens 
have been subjected. , , 

The first mention made of these wprks of art is to be 
found in the “ Collection of Antiquities,” by count 
Caylus, who described them as composed^ of delicate 
differeuUcoloured fibres of glass joined with the greatest 
nicety, and conglutinated into a compact homogeneous 
mass by fusion. Winkelmann^ in his A^nnotations on the 
History of the Arts among the Ancients,” describes these 
same specimens as pictures made of glass tubes, and in» 
troduces them to further observation by these words 
The works of the ancients in glass which are not 
noticed in the hfetory of the arts, deserve particularly to 
be mentioned in this place, more especially because the 
ancients carried the art of working in glass to a much 
higher degree than we have tOrrived at; a fact which, t» 



CHAP. XIII. ANTIQUE l^AIOS. * 283 

those whg have not seen tlieir works of this kind^ might 
have the appearance of a groundless assertion/' 

The author just quoted particularly describes two 
small pieces of glass thus constructed which were brought 
to ^ome in the year 17^5^ and which, indeed, appear ter 
have been well deserving of his careful examination, as 
confirming the opipion he had given respecting the su- 
perior proficiency of the ancients. The account of«these 
curiosities cannot be better given than in Winkelmann’s 
own words : — Each of them is not quite one inch 
long, and Otie third of an inch broad! One plate ex- 
hibits, on a dark ground of variegated colours, a bird 
representing a duck of various very lively colours, more 
suitable to the Chinese arbitrary taste, than adapted to 
show the true tints of nature. The outlines are well 
decided and sharp ; the colours beautiful and pure, and 
have a very striking and brilliant effect, because the 
artist, according to the nature of the parts,* has in some 
employed an opaque and in others a transparent glass. 
The most delicate pencil of the miniature painter could 
not have traced more accurately aqd distinctly either the 
circle of the pupil of the eye, or the apparently scaly 
feathers on the breast and wings, behind the beginning 
of which thi# piece had been broken. But the ad- 
iniratioq of tlie beholder is at the highest pitch when 
by turning the gla|^s, he sees the same bird on the re- 
verse, without perceiving any difference in the smallest 
points ; whpnce we could not but conclude that this 
picture is continued through the whole thickaess of th^ 
specimen, and th%t & the glass were cut transversely, the 
same picture of ^le duck wsuld be found repeated in the 
several slabs ; a conclusion which was still further con- 
firmed by the , transpaient places K>f some beautiful 
colours upon the eye and breast that were observed. 
The painting has on both sides a granular appearance, 
and seems to have been formed in the manner of mosaic 
works, of single pieces, bist so accurately united, that a 
powerful magnifying-glass was unable to discover any 
junctures. This circumsnmce, and the continuatian of 
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the picture throughout the whole substance^ rendered it 
extremely difficult to form any direct notion of the 
process or manner of forming such a work ; and the 
<^onception of it might have long continued enigmatical^ 
were it not that^ in the section of the fracture mentioi^ed^ 
lines are observable of the same colours which appear 
on the upper surface that pervade th^ whole mass from 
one sjde to the other ; whence it became a rational con- 
clusion^ that this kind of painting must have been cxe-* 
cuted by joining variously coloured iilaments of glass^ 
and subsequently fusing the same into o^ne coherent 
body. The other specimen is of almost the same size^ 
and made in the same manner. It exhibits ornamental 
drawings of green^ white, antUyellow colours, which are 
traced on a blue ground, and represent volutes, beads, 
and flowers, resting on pyramitlally converging lines. 
All these are very distinct and separate, but so extremely 
small, that even a keen eye finds it difficult to perceive 
the subtle endings; those, in particular, in which the 
volutes tenninate ; notwithstanding which, these or- 
naments pass uninterruptedly through the whole thickness 
of the piece/’ 

Klaproth, who had in his possession some 6]>ecimens 
of these antique compositions in coloured {^lass, compiled 
a paper upon the subject, which was read bqfore the 
Royal Academy of Sciences at Berlin]^ in October, 1798; 
and the collection of antiquities formed by Mr. Townley, 
comprised a ring which contained a singular antique 
glass paste, which represented a bird of so small a de- 
lineation, as not to be distinctly visil^e without the ai^ 
of a magnifying lens, and* which yq^ had every ap- 
pearance of having been produced in the manner de- 
scribed by Winkelmann. Numerous antique .specimens, 
similarly composed, a]:c deposited in the British Museum. 
They are for the most part fragments, and it is to be re- 
gretted that we lare without any records of their origin. 

Keysler, the. account of whose travels to different parts 
of Europe in the early part of the last century contains 
a great variety of entertainihg and instructive matter. 
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has giveii the following description of a mode of com- 
posing pictares in coloured glass^ which was at that time 
employed in decorating some of the churches in Rome. 
It will be seen that the method pursued by the Romah 
artists in some respects resembled that used for the comt 
position of antique*pastes^ as described by Winkelmann. 
Recourse appears |o have been had to this mode of pro- 
ducing pictures^ in cases where the original paintings on 
wood or canvass were perishing through the dampn^s of 
the wallsj and where it was wished to supply their places 
with copies* composed of an imperishable substance. 

The materials used are little pieces of glass, of all 
the different shades in every tint or colour like those of 
the fine English wors?ed used in needle-work. The 
glass is first cast into thin cakes, which are afterwards 
cut into long pieces of different thickness. Many of the 
pieces used in the works on roofs and ceilings, which 
are, consequently, seen only at a great distance, appear 
to be a finger's breadth ; but the finer works consist only 
of glass pins, if I may call them so, not thicker than a 
common sewing needle, so that portrait of four feet 
square shall take up two millions of such pins or studs. 
These are so closely joined together, that, after the piece 
is polished, ft can hardly be discerned to be glass, but 
rather ^ooks like a picture painted with the finest colours. 
The ground on w jiich these vitreous pieces are inlaid is 
a paste compounded of calcined marble, hne sand, gum 
tragacanth, •white of eggs, and oil : it is at first so soft 
that the pieces are easily inserted, and upon any over- 
,sight may be tak^nbut again and the paste new moulded 
for the admissiqp of other ^ins ; but by degrees it grows 
as hard as a stone, so that no impression can be made 
on the w(vk. . • • 

This paste is spread wkliin a wooden frame, which 
for the larger pieces must not be less than a foot in 
breadth and thickness. A piece of abf)ut eighty square 
feet, if performed with tderable care and delicacy, will 
employ eight artists for two years. 

The pins of the sevefal colours lie ready before the 
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artists in cases^ as the letters are laid before jthe com. 
positors in a printing-house ; and such is their accuracy 
^ imitating ^e finest strokes of the pencil, that the only 
l^^parent difference betwixt the original painting and 
such a copy is, that the latter has a much finer lustre, 
and the colours are more vivid." 

An accident occurred many years ago in the plate- 
glass-works at St. Gobain, which seemed to offer the means 
of obtaining a bright red colour for glass by the employ- 
ment of copper, at a much less expense than has hitherto 
attended the production of that tint from gold. 

It will be remembered tliat, in the manufacture of 
plate glass, when the refining is completed, * and it is 
wished to transfer a portion, of its contents from the 
melting pot to the cuvette, a copper ladle is employed. 
It is necessary, while using this implement, to dip it oc- 
casionaUy into water, lest it should become too hot and 
warp, or possibly melt. On the occasion referred to, the 
workman having omitted this necessary precaution, the 
last of these misfortunes ensued ; dipping the heated ladle 
once too often in the melted glass, only part was brought 
out attached to its iron handle. 

It was imagined that the copper thus melted would 
sink, by reason of its greater gravity, to tllb bottom, and 
would be found there in the metaUic state on th^ empty- 
ing of the pot. The casting and annealing of the plates 
were proceeded with accordingly ; and, on their com- 
pletion, the workmen were suiprised to find (hat not only 
were grains of metallic copper embedded in the substance 
of the glass, but bands uniformly coldu];ed of a fine bright 
red were distributed througbjut the plates. 

The colour must, in this case, have been produced by 
the copper, which was suddenly carried, to the degree of 
oxidation necessary fpr its fdevelopcment. M. Guyton- 
Morveau, when informed of this circumstance, was de- 
sirous of ascertaining, by direct experiment, what means 
would be most efficacious in«produciiig the same effect. 
The result of his endeavours has been published.* 

* Aa deChim. voL IzxiiL p. ISSL 



CHAP. ZlII. COLOURING OF OLA%8* * 2B7 

The first attempt was made with plate glass. In order 
to bring ‘the glass and copper into more intimate union, 
the first was reduced to powder, and the other was us^ 
in fhe form of filings. The metal was used in the prjp 
portion of 3 parts to 100 parts of glass : thils niixturo 
wa£ brought to a st&te of complete fusion before the glass 
was poured out. No success attended this experiment, 
die glass appearin^uncolourcd, and the copper remaining 
mixed with it mechanically in the form of metallic glo- 
bules. 

The next trial was made w’lth conftnon white glass, 
mixed with twice the proportional weight of copper 
filings that had been employed in the first experiment. 
The compound liaving b^en completely melted, was found 
to have assumed a red colour, which was uniformly dif- 
fused throughout die mass ; but this colour was so deep 
as to render the glass nearly opaque. 

A trial made widi copper, already in thfe form of an 
oxide, imparted a greenish colour to die glass. 

It is impossible not to remark that the circumstances 
under which these experimentswerc conducted, as detailed 
by M. Guyton-Morveau, differ in* some essential parti- 
culars from those which accompanied the accident by which 
they were suggested. In that case, the glass was already 
in the state of fusion, and probably also in a high state 
of incandescence biffbre the addition of the copper. The 
proportion of inetiS used in the second experiment was 
evidently excessive ; and it is surprising that the effect 
produced difl not lead M. Guyton-Morveau 4:o try the 
effect of a smaller proportion. * 

* Attempts havelicen mad^to colour glass by subjecting 
it to the action of heat, while surrounded by some ce- 
menting substances already impregnated with metallic 
oxides as colouring ingredients. In most of tliese cases 
tlie glass remained perfectly colourless, unless the heat 
had been carried sufficiently far to induce devitrification; 
which state, as it renders the material opaque, furnishes 
sufficient objection to die use of this method of colouring. 
Even in those cases where transparency is not required. 
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the same effect can be attained by easier mean^ and free 
from a very serious inconvenience^ that of the adhesion 
the cementing substance to the glass. Some curious 
Ills connected with this subject will be detailed in the 
«lnid!adiiig chapter of this volume^ which treats of the 


devitrification of glass. 
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* CHAP. XiV. 

ON THM ABT OF STAINING AND PAINTING GIiASSk 

THIS ART MORE RECENT THAN THAT OF COLOURING. •— SKCO’ 

RAGED 117 THE MON^^S. EARLT SPECIMEN AT ST. DENIS. 

ART NEVER MUCH CULTIVATED IN ENGLAND. SPLENDID 

PAINTINGS AT GOUDA. DIRECTIONS GIVEN BY OLD AUTHORS 

FOR COMPOSING COLOURS. FLUXES. VEHICLES FOR DI- 
LUTING COLOURS. DESClllPTlON OF VARIOSS STAINS. ME- 
THOD FLOATING THESE. OF PAINTING ON GLASS. — 

IMITATION OF GROUND GLASS WITH TRANSPARF.NT PATTERNS,— 

DESCRIPTION OF KILN EMPLOYED. METHOD OF FIRING.— 

SECOND AND THlllD FIRISC?. j— ANCIENT METHOD OP FIXING 
DIFFERENT COLOURED GLASSES ON EACH OTHER. 

The inventioB of the art of painting on and staining 
glass^ although probabljr recent as compared with that of 
colouring the body of the metal when in fusion^ is yet 
known to have existed for many centuries. 

The exact period of its adoption is, indeed, involved 
in much obscurity ; and it can, at best, be regarded a& 
only a reasonable conjecture, which assigns its principal 
excellence, if nt^ its origin, to the fostering care of those 
religious communities which, upon the breaking up of 
the great^westem ei«i])ire of Rome, became, and for so 
long a period thereafter continued, the sole depositaries 
of learning and the arts in Europe. 

Endowed Uy the piety or superstition of their unen- 
lightened followers with revenues far beyond their per- 
'soAal wants, the clergy of tli^t time expended a portion 
of their superfluoife w'ealtli in the construction of those 
splendid temples which attest to the, present day the 
architectural* skill hnd genius of tlieir founders, remain- 
ing unsurpassed and almost unrivalfed in their kind^a 
objects of admiration through a great port^ri of Eurojie^ 
The ministers of a religion wjiiieh addressed itself to the 
imaginations and the flings of its votaries, they could 
not, perhaps, have adopted more effectual means for 

V 
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obtaining and perpetuating their influence over the muU 
titude. Some idea of the extent to v^hich these means 
must have operated may be formed by every one who 
^^recalls to mind the sensations of solemnity amounting to 
awe wherewith he lias himself been struck as he has 
stood beneath the lofty sculptured arches of a cathedral^ 
or walked tlirough its lengthened aisles^ radiant with 
tints glowing through emblazoned Windows. 

The earliest specimens of these embellishments differ 
from those of more recent date in having been formed of 
small pieces of glass ^coloured throughout during the 
process of its original manufacture^ and which, to dis- 
tinguish it from glass coloured or stained by the methods 
that will be hereafter described, has been called by artists 
pot metal. Pieces of this, cut to the shapes required, 
were joined together in the manner of mosaic by the 
interposition of lead, in a way which has since fallen 
greatly into disuse ; the method of staining and burning 
in metallic colours on the surflice of the glass having 
been found far more beautiful, admitting of greater va- 
riety of tints, as well as of those delicate shatlings which 
were manifestly unattainable by even tlie most laborious 
composition in mosaic work. 

Perhaps the oldest existing specimen qf this later-dis- 
covered art of painting on glass is to be seen on the 
windows of the abbey of St. Deni;, whereon* were re- 
corded, in 1194, various events which occurred during 
the first crusade. 

This art has never flourished to any gi*eat degree in 
England, where at no time have rmen of genius been 
much encouraged to apply^ their taldnts to its advanctf- 
ment : many among the most admired specimens of 
painted glass which ornament our religious edifices, are 
the j)roductions of foreign artT^Js. 

The great church at l/ouda, in Holland, is splendidly 
embellished \jdth painttifd windows, which, about the 
year 1555, were executed ^by various artists, the most 
celebrated among whom were Dirk and Walter Craheth. 
The one among the windows which is the most highly 
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esteemed was painted by the first mentioned of these tv. o 
brothers ; and Mr. Hollis mentions^ as evidence of the 
valjae placed upon this work of art^ that for ilie lowei^ 
part of this window, — about twenty feet square, — Mr/ 
Trevor, some time English resident at the Hague, liad* 
in vain offered to give a solid plate of gold of the same 
surface, and of tlu^ thickness of three Dutch guilders. 

This particular division of the fine arts differs from 
other branches in containing within itself fewer incentives 
to its prosecution. Its practice i?i accompanied by various 
laborious aifd differing processes. The range of subjects 
wliicli it admits is far more circumscribed, and the op- 
portunities which it offers for the display of excellence 
arc far less frequent, l^ie artist is even without the 
gratification of witnessing the satisfactory progress of 
his own work, the appearance of which is comparatively 
dull and uninteresting until after it has ptissed from his 
own hands into those of red Lemnos' artisan.” I'lie 
sculptor and the painter in oil colours seldom fail in 
procuring means for exhibiting tlieir works; so that, ac- 
cording to the degree of talent evinced by tiiem will 
generally be tlieir encouragement and rew’ard; while the 
man who has conquered every disadvantage attending 
the processes *of staining glass, and who may have pro- 
duced piece, the conception and execution of which 
are alike honouralJle to his genius and assiduity, might 
look in vain for the op]iortnnity ofi bringing its merits 
beibre the v^jorld. These wwks have, therefore, seldom 
if ever been undertaken, unless jft the requirement of 
pthers, who, dicViting both the subject and its details 
according to they own peculiar tastes and w'ishes, leave 
nothing wherein the superior talents of the artist can 
be dis|)lay;cd, save the oorrcctness of drawing and the 
elaborateness of exccutiop. •A man of genius will not 
consent to be thus trammelled, or follow^, for the attain- 
ment of a precarious rccom pence, one pfofossion, when, 
by bringing to the exercised of another the same amount 
of talent, and far less labour, he may at once give scope 
to his conceptions and advance bis worldly interests. 

u 2 
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A much wider field than presents itself for ^he exer.. 
cise of this art in England^ is certainly offered in catholic 
countries^ where not only is it more in accordance with 
the feelings of the people to ornament their religious 
^edifices, but where a much freer scope is given to jLlie 
artist in the choice of subjects for embellishment. Po- 
pular legends of the saints in honQpr of whom their 
churches are named^ which are shut out by our sim})ler 
form of worship and severer religious discipline^ afford a 
never-failing source whence these subjects may be drawn ; 
while he who labours for the adornment of a protestant 
churchj is restricted to subjects founded upon mere scrip- 
tural authority. England has^ indeed, within tlie last 
half century, produced some few proficients in this art, 
whose productions would do honour to any country: but 
the encouragement extended towards these talented in- 
dividuals has been too limited to raise up, as in other 
pursuits, a succession of masters ; while some, by whom 
it has at first been embraced, have been allured from it 
by the more general and liberal patronage accorded to 
the professors of oil pointing. 

Staining and painting on glass differ in some respects 
from all other styles of pictorial embellishment. They 
agree, however, generally wdth the processes used in 
painting porcelain, not only in the nature of the sub- 
stances to be embellished, and in tlie materials whence 
the colours are derived, but likewise for the most part in 
the methods used for the application of those colours, 
and in the necessity which exists for fixing them by ex- 
posure to a high degree of heat, l^he, art is, indeed, in 
most particulars, so extremely analogoi^s to the methods 
employed for painting porcelain, and which have already 
been treated of in this volume^ that it. will not be ne- 
cessary to occupy much sp&ce in its description. 

The colours are drawn from the same class of natural 
substances as afibrd enamel colours ; they are prepared, 
and for the most part are applied, in the same manner; 
while any difference which may be found to exist in the 
mode of fixing and bringing out the effect of colours hy 
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the aid of are more referrible to tlie varied forms of 
the articles dian to any actual difference observable be- 
tween the habitudes of glass and porcelain. 

^oyle^ in one of his letters on the sutgect of imbuing 
glass with metallic colours, wherein are detailed some, 
experiments which* he himself made in order to obtain 
a ruby colour, relates also an anecdote of an artist, who 
wished, for some* purpose, to prepare an amalgam of 
gold and mercury. With this view he kept the two 
metals for some time together in a state of fusion in a 
glass retort^ when this at length *burst vnth a tremendous 
explosion. Mr. Boyle adds, that he saw some of the 
fragments, and he declares them to be of the finest ruby 
colour he ever beheld. • 

Many directions are to*be found in the works of old 
writers for the composition of stains and colours. Some 
of these agree very closely with recipes in use at present, 
while others are evidently incorrect or incomplete ; it 
being impossible, by following them, to obtain the colours 
wdiicli they are said to furnish. There appears to have 
always existed a spirit of exclusion on the part of pro- 
fessors of this art ; and it has bben said that this jea- 
lousy has even weighed with those among them who 
have written tn the subject, so far as purposely to give 
false directions, that students might be deterred from 
the further prosecation of their attempts. It is more 
charitable, and at* the same time more consonant with 
probability, to imagine, that the errors which abound in 
these works*arc owing rather to the carelessness of tran- 
scribers and editors, *than to wilfu^ mis-statements on tlie 
^art of the authors. Let Jthis be as it may, it still is 
certain that untfl the period when M. Brongniart pub- 
lished the results of his experiments ^and pi^actice in rO^- 
gard to eifamel colours, die was not in possession * 

of any information whereon reliance could safely be placed 
for their production, * * 

Various compositions sje recommended to' used' 
with the colours as fluxes, in order tef promote their fusion 

V S * * '■- 
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'when exposed to the heat of the furnace : these compo- 
sitions are termed hard or soft fluxes, in proportion as 
they require a greater or less amount *Df heat for their 
perfect fusion, and for the production of their full effect 
.upon the metallic oxides with which they arc joined. In 
choosing between them, regard must be had to the pe- 
culiar nature of the individual substance or compound 
wherewith they are combined, that iKe flowing of all in 
fusion may take place as nearly as possible together. 
With this view, it is evident that a waste both of time 
and labour would be experienced, if any harl flux were 
used with an oxide which coulil be brought to meb at a 
low heat ; and, on the other hand, that it 'would be still 
more improper to use a soft flu^w with oxides which are 
more refractory, seeing that tlm proper incorporation of 
the two substances could not i^OBsibly in that case be 
occasioned. 

Oxide of lead forms a principal ingredient in many 
fluxes. It is necessary, hovrever, to be sparing in its 
use where it is required to produce pink colours, as 
tliese 'would be injuriously acted upon by any excessive 
quantity of lead. Its place may in such case be advan- 
tageously supplied by borax. 

A fluxing compound, very generally used, is inailo by 
the union of thirty- two parts of flint glass with twelve 
parts of pearl-ash, and two parts of h^rax ; whicn com- 
position will fuse at a medium heat. If it should be 
required to render this more fusible, such an cflTect may 
be gained either by substituting for the pearl-ash four 
parts of red oxide of lei.d, or by increr.sing proportionally 
the dose of borax ; and if, op the other hand, it is de- 
sired to produce a hard flux, this end may be attained 
hy omitting the borax altogether, and adding an equal 
quantity of common tabl^^aalt. 

The directions for the preparation of fluxes for porce- 
lain, which will be found in another part of this volume, 
apply equally to those which are to be used with glass, 
and it wouhl be therefore useless to repeat them here. 

When enamel colours applied to glass, they are^ 
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besides tb^ir union with a fluxing material^ mixed in the 
same manner as for painting on porcelain^ with some 
substance as a vehicle for causing them to flow readily 
from the brushy and at the same time to prevent the 
colojirs from blending themselves one with the other * 
during the operation. Oil of lavender, balsam of capivi, 
oil of turpentine or^of amber, or sometimes gum water, 
are employed as this vehicle. The choice of any par- 
ticular substance must depend, as in the painting on 
porcelain bodies, upon the nature of the colouring mat- 
ters employ^, and is of no real consequence to the ulti- 
mate appearance of the glass, since the whole will be 
entirely evaporated when submitted to the intense heat 
of the furnace. « 

The colouring compounds having been previously 
ground with an aj»propriate flux upon either a porphyry 
or strong ]>latc-glass palette, by means of a muller of the 
same material, must again be ground in the same man- 
ner, and reduced to a proper consistency with the vehicle 
just mentioned. The artist will do well to ])rej)are at 
first a sufficient quantity of every cplour required for the 
completion of the object wdiicJi he has in hand ; it being 
extremely difficult, if not iin])ossible, to produce tints 
identicdlW lh(? same at any subsequent time, although 
the greatest attention be paid to the proportions of their 
ingre<!icnts. The Jnjury which may be thus occasioned 
to the beauty of the piece need not be insisted upon. 

Many suljjects may be paintc<l on glass by persons 
who have not acquired any previous knowledge of the 
art of design, transparent nature of the material 

enables the artisj; to see distinctly both the outline and 
the shading of any pattern which may be fixed upon its 
under side. The outliims of every such pattern should 
be decidedly given ; and the ^vlible; contour and shading 
must be at once obvious when looking on its upper sur- 
face. When the pattern paper is laid horizontally upon 
the glass, it must be secured by wafers at each of its four 
corners, to prevent its shifting ; the glass must then be 
placed upon an easel similar in form to a music-stand^ 

u 4 
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and fixed steadily upon the table. Meats sl^ould also 
be taken to prevent the slipping of the glass upon the 
easeb by passing a string across its face in any position 
that will secure this object^ withaMjit interfering with^the 
subject intended to be drawn. 

To support the arm of the artist while he is employed 
in paintings as it would be imptopy for him to touch 
the glass^ it will be necessary to use a rest stick, in the 
manner observed by artists who paint with oil colours. 

It is considered advisable to trace the outline, in the 
first instance, with common Indian ink nfiich diluted, 
before using for the purpose the pencil colour, about 
to be dchcribed: the reasons for which are, that the 
strokes ivill admit of easier correction, and that a rough 
line will be dius formed upon the surface of the plate, 
which, drying immediately after the application, serves 
to diiect the point of the brush when charged with the 
colour, and 'to occa‘!ion the delivery of the latter with 
greater ease and regularity than would be othciwise at- 
tainable : by this means the artist may avoid any ]>atch- 
ing or altering of the outline, which would seldom fail 
to render the work rough and unsightly, but which must 
be resorted to if the lines prove unequal or imperfect. 
Faults of this kind may, indeed, be pariaally corrected 
at any period of the process ; but as the glass must be 
fired anew after each application of 'trolour, and as the 
firings constitute the principal part ot the expense, it is 
of course advisable to exercise all possible carefulness, in 
ordei to avoid, as far as possible, the necessity for their 
repetition. 

The colour most usually employed for drawing the 
outlines and for shading different subjects, and which 
is therefore called by artists, outline or pencil colour, is 
made of the saffron^colou^ed oxide of iron commonly 
known in the shops by the name of crocus martio. This 
oxide must be well ground in combination with an equal 
weight of soft flux upon a porphyry or |da|e-glass pa- 
lette, as before direct^, and subsequently also with oil 
of amber as its vehicle. To provide for the preservation 
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of its pfopa: degree of consisteney, the addition of one 
or two drepe^of balsam of capivi may be needed ; it is 
desirable^ however^ to make as sparing use as possible 
of^this substance^ vrhffeb sometimes^ when evaporated in 
the intense heat of the kiln^ will^ through its greasinessy 
indispose the glass from taking the colour properly ; and 
little y£|cancies may in consequence be left unoccupied^ 
and requiring to be subsequently supplied. The pencd 
coloar thus prepared is a dark-reddish brown^ and re« 
mains unaltered by the heat of the furnace. * In order 
that the outline, while it is suftlclentl^ decided, may at 
the same time be fine and clear, the pencil colour must 
be used as little moistened as will admit of its flowing 
from the brush, and ufllil it has become perfectly dry 
and hard upon the glass, no subsequent part of the co- 
louring process should be commenced. 

If when the pattern is wafered on the glass, and the 
outline has been completely traced, it is desired to make 
one or more copies of the figure upon other plates of 
glass, this may be done without removing the paper from 
the first, by simply placing the second and other plates 
in succession upon that to which the pattern is attached, 
the transj)arency of which will admit of the outlines 
being traced With the same facility as if the pattern had 
been trciiisferred to each individual plate. 

The*best crowif-glass is generally chosen for painting 
or staining, as being most transparent and free from 
colour. ^ 

The colours must be laid on with a long-haired sable 
pencil ; its handlj idust be of a length which will allow the 
artist to use his band with freedom, and should be securely 
attached to tlie iSrush, so that the two cannot become dis« 
unite(h« If such an accident were to«occur as the falling 
of this brush charged with colour,^ it would be impossi- 
ble adequately to repair the mischief by any means short 
of obliterating the whole, and beginning the work anew. 

> The shading and colouring are very frequently per- 
formed upon opposite sides of the glass ; and this con- 
dition is almost invariably ohierved where the colour ta 
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be applied is one which can he made to flow with suf- 
ficient freedom, or, to use the phrase employed hy 
artists, which can he floated on the surface of the glass. 
In cases, too, where it is desired to produce tints, such 
as many shades of green, which would result from the 
admixture of two different colours, this same effect is 
produced by applying one of these to, the face, and the 
other ^to the reverse, of the glass. 

There are only three colours, strictly speaking, which 
can be floated on, and which are called stains, to dis- 
tinguish them from others which must be laiA on by the 
strokes of a brush. These stains are orange, red, and 
lemon-yellow. They are coinj^osed according to the 
following recipes : — t 

Orange stain. Melt togetlier in a crucible 2 parts 
grain or virgin silver, «md 1 part of crude antimony. 
When cold, this compound must be y)ounded and sifted; 
and wdien used, must he mixed with (5 times its own 
weight of Venetian red, and diluted witJi cold water to 
tL ' consistence of cream. 

In floating this stain upon the glass, a large camel- 
hair pencil in a swan’s quill, or a flat varnish brush of 
the same material, must be used. The glass should he 
taken in the left hand, while the other isS?mployed in 
floating the colour ; the movements of the first being so 
managed, that the stain as it quits th^ brush may ‘float 
gently and evenly over the surface. Jf, after this, the 
glass is placed upon a level table, the stain ^will dry in 
about twelve hours, when it is in a fit state for the kiln ; 
and upon the application of a moderate Ijeat, a deep gold- ^ 
coloured stain will be produced, which jvill have pene- 
trated the substance of the plate, and which will continue 
uuimpaire^ by timo. A lightt^r-coloureyl orange stain 
may he oSrained by iijcreasing the proportion of Vene- 
l^aii red, relatively to the quantity of silver and an- 
tiiSony. c 

Red stain. In no particultrr is the difference between 
ancient apd piodern stained glass more observable than 
in the absence from the of that brilliant scarlet 
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tint, which is most generally seen on the first, and the 
art of producing which appears to be lost. The red 
colour whicli artists are now accustomed to empHy as a 
substitute for this, is tame and cold in comparison : and 
to give it any good effect, requires the aid of artifice, in 
placing it amid brilliant lights, or surrounding it with 
cold colours. The modern red stain is produced by 
adding, immediately before it is applied, three dropji of 
sulphuric acid to each ^unt measure of the orange stain 
last described : precisely the same methods must be ob- 
served fur tl>e application of both. ' 

Lemon-yellow stain. This is made by adding to 
1 part of pure silver (precipitated) 12 parts of finely 
powdered pipe-clay. THege must be mixed ^^ogether in 
a basin with cold water to the proper consistence, and 
floated on, as before described. The tint of this stain 
may be rendered lighter or deeper by adding to or taking 
from the proportional quantity of the pipe-clay. This, 
as well as the Venetian red, is of no effect in the pro- 
ducfioii of colour ; they act only as vehicles assisting to 
spread the metals equally over the surface of the glass : 
of course the greater their proportions, the smaller will 
be the quantity of colouring sidtstance upon a given 
surface, and tlje lighter wdli be tlie resulting tint. 

In addition to the above three stains, a fine trans- 
parent green may bt also produced by first staining the 
glass oil one side with lemon- jellow, and then painting 
it on the reverse side with a blue colour. This com- 
bination will certainly not possess the same degree of 
clearness as is imj)ai*UKl by the bihi]>le use of either of 
the three stains which have^beeii described, but it will 
have a good effect’ when used to represent foliage or for 
draperies in situations wh^^re recourse 'jannot well be had 
to the use of pot metal. , 

AVhere many colours are employed which must be 
laid on with a brush, tlie artist will apply some to the 
face, and others to the rcver,se, consulting his own fancy 
or convenience in regard to this disposition of the tints. 
The rule which forbids the ajj^cation of aiipther>Golour^ 
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until one previously laid on shall be perfectly dry, ap-^ 
plies in aU cases^ and must be observed as well in cover-* 
ing the opposite surfaces^ as when various colours 'are 
applied to the same side. 

When all the tints are laid on, and are thoroughly 
dried, the glass is ready for the first burning, the nlan- 
ner of conducting which will be hereafter described. 
After this has been performed, and file glass is removed 
from the kiln, the artist should proceed to scrape off the 
superfluous colours which remain upon its surfaces. If 
in the performance of this process care is tal^.n to remove 
each one separately, these colours may be ground with 
a fresh portion of the vehicle, and employed on any future 
occasion, as their colouring jjropdrtics will be perfectly 
uninjured. The costliness of some enamel colours 
renders this an object of some moment. On the com- 
pletion of this scraping, it will be seen that the glass has 
been penetrated by the colours; and if due care has been 
taken in the choice and preparation of the colouring 
materials, and tlie previous processes have been properly 
conducted, there will be no necessity for any fresh ap- 
plication of colours : *if even a few spots should appear, 
they will be' removed by a second burning, which at the 
same time will considerably heighteji anck bring out the 
colours. Should there, however, be any imperfections 
either in the stain, or painting, or pencil shadidg, these 
must be repaired by the artist x>xevioiis to consigning the 
glass again to the kiln. 

It is sometimes wished to give to glass' the appear- 
ance of having been 'ground, leaving at the same time 
transparent lines or pattern^, upon its 'surface, the effect: 
of which is very pleasing to the eye. * In preparing for 
the production of {his appearance, the artist uses a large 
camel-hair pencil, the enc^ of which is' dipp^ into oil 
of amber, so as to take up only a small quantity at any 
'one time; and, with this, holding the brush perpendi* 
ciilar tQ the glass, every part pf the latter must be dabbed 
so that the surface will be dimmed by the oil. This 
must no^ lie thicker cm erne part than on another, and 
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should bj no means be applied in suificienj: quantity tc 
give it a fluid appearance. Taking then a mixturCj 
composed of one part of white oxide of tin, with three 
parts of flux, previously well ground together, this must 
be sifted from a lawn sieve, very gently over the glass, 
until the whole surface is evenly covered. The requisite 
quantity of this poy^der will adhere slightly to the glass 
through the means of the oil; and when, in tlie course 
of six or eight hours, this has become sufficiently dry, 
the superfluous powder must be ^lightly removed with a 
soft brush ibade of badger's hair. The appearance of 
the glass will now perfectly resemble that which has 
been ground. 

In order to produce liiif^ or patterns upon its surface, 
that shall have the usual polish and transparent quality 
of glass, a pattern must be drawn upon paper, having 
its lines sufficiently strong to be visible through the 
powder; and this being fixed upon the reverse side, the 
artist with a blunt wooden implement ^scrapes off the 
composition in lines accordant with those of the pattern. 
The plate of glass having then beei^ subjected to burning 
in the kiln, it will be found that the powder has been 
partially melted by the heat, and is so firmly united lo 
the glass, that Its removal would be extremely difficult. 

It now remains to describe the particular apparatus 
and ])rocess used f^r burning-in the colours which have 
been applied to the surface of the glass. The size of 
the kiln is qf course dependent on the magnitude and 
number of the pieces of glass upon which it may be 
desired to operate^t*any one time. It would be unwise 
to construct one yf larger dimensions than are likely to 
be needed in use, as the due heating of the glass is more 
difficult and expensive, in proportion as the relative size 
of the furnace is increased. • , 

The glass is placed during the firing in a close iron 
box or oven, which is called a muffle, and which is pro- 
vided with bfarizontal iron shelves placed at regular dis- 
tances apart, whereon the plates are deposited. The 
relative sizes of the muffle and furnace are such;^ that a 
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space not less than four inches remains betwe^ the two 
on every side, by which means the fire may ne made 
wholly to envelope the inufHe. This receptacle is pro- 
vided with a tube proceeding from its front, and narrow- 
ing towards its extremity, without-side the furnace wall, 
the use of which tube is to examine the state of the glass 
from time to time during the procfss of firing. The 
iroii plates for supporting and separating the glass, and 
which are fitted to the shape of tlie muffle, are kept at 
their proper distances, usually about one inch asunder, 
by logs of the Requisite length placed at their four cor- 
ners. The shaj)c of tlie muffle is usually wider at the 
top than at the bottom, so that pieces of various dimen- 
sions may be contained in its different compartments. 
The number of these bears reference to the size of the 
apparatus, some small muffles having no more than five 
or six, while others of greater <liniciisions are j[>rovided 
with double" that numlwr of shelves. 

If the ])lates of glass were placed in immediate contact 
with the iron shelves within the muffle, the metal ivould 
have an injurious effect upon some colours. The iron 
is, besides, liable to be warped ; and, when the glass was 
brought into a softened state by heat, would communicate 
its own distorted shape. Another and^ia greater evil 
than even these w'oukl arise from the too sudden vari- 
ations of temperature wliereunto llW glass would be 
subjected, owing to the stroe.g conducting y)Owcr of the 
iron, and which would imminently eiidangpr the crack- 
ing of the glass. 

A perfect remedy Tor all these dvil;? is found in pre- 
viously preparing a smooth* and even bed for the glass, 
by sifting pounded wdiiting to the deptli of a quarter or 
three eighths of qn incli over, the entire surface of the 
iron shelves. Upon ^ this ,bed the glass must be depo- 
sited wdtli every possible care, so as to avoid rubbing 
the colours. 

If more thati one piece is aommitted to each shelf, they 
must on no account be brought into contact, nor must 
they be allowed to touch or even to ap^oach within half 
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an inch of the side of the muffle. When, after proceeding 
in this manner, the muffle has been filled, or all the glass 
that is ready for burning has been deposited, the cover 
must be put on to the muffle, and the fire lighted. It is 
usual to employ coke and charcoal as fuel for burning glass, 
bodh because they afford a steadier and more'* effective 
heat than coal, and because the sulphur which the latter 
so commonly cont^ns might have an evil effect upon the 
colours. 

The proper management of the fire in respect to the 
degrees of Jieat employed, is a Ihing vfhich must be ac- 
quired through jiractice, it being impossible to give any 
written directions concerning it that will be efficacious. 
It may, liowevcr, be stated, generally, that caution is 
necessary in the first stage of heating, so as to avoid all 
suddenly great accessions of temj)erature; hut that when, 
on inspection, the glass placed in tlie centre of the muffle 
is seen to have acquired a dull red heat, the fire may be 
urged with safety, so that the whole contents of the kiln 
may he made to acquire an uniform white lieat. 'W hen 
this effect has once been pi'oduced, no more filing is 
requisite ; the fuel which is alreaciy in the furnace must 
be allowed to burn itself out ; and the kiln remaini.ig 
thereal’ter clciied, must lie left to cool gradually during 
ten or twelve hours, before it is attempted to reino>e the 
glass : lit the end «f this lime it may be considered pro- 
perly annealed. *• 

The process of tlie second or third firing is conducted 
in precisely^a similar manner in all rcsjiects. 

l^he same powde.«ed whiting which has already served 
*may he used agiTin for ai\, indefinite number of times, 
upon being grouhd and sifted as for its first aj)plicatioii. ^ 

SnecimeuK of ancient stained gla^s have been occa- 
sionally found, bn parts of w^iicli the colours retain their 
full brilliancy, while on other portions they appear to be 
wholly oliliterated ; a circumstance wlpcli has excited 
some surprise ; and no lii^le ingenuity has been shown 
in the formation of theories to account for this partial 
disappearance of colours. There is reason to believe, 
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however^ that no decay has really ensued^ hut that^ 'while 
some of the colours have been produced upon these 
specimens by processes similar to the foregoing descrip- 
tion^ other j^eces of glass already stained in the mantier 
of pot metal have been applied to uncoloured parts^ and 
made to' adhere by the interposition of some fluxhig 
material^ which, being softer than the glass^ has been 
decomposed in the course of time^ ancl these adjunctive 
pieces have fallen away. 
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CHAP. XV. 

CIS TUB ART OP CUTTTNGj ENGRAVING, ANE|» ETCHING 
ON GliASS. 

• 

OHIC:iN' OF THE ART OF CTITTTyC: CLASS. IMPLEMENTS. -»• MAN- 
NER OF THFIU EMPLOYMENT. FROSTING. PA'n’ERNg PRO- 

HOC I 11 BY MOULDING. ENGRAVING ON CLASS. rXEC'lITED 

WIl'lI THI'VOAMOND. FIVIIING,^ — sf II VPANHARD. DIFFP^R- 

INCI or Ills PKACTK'K FROM THAT NOW USED. MLTlJOll OF 

FTt’IIING. rurOKlC ACID. GLASS 1 NC R L ST ATIO. VS. — ORIGIN 

OF THE ART. IMPROVEMENTS THEREON. 

I’liK art of cutting glass is a mucli more modern in- 
vention than tlmt of painting and staining it, which has 
been described in the preceding cha])ter. 

It is generally believed, that Caspar Lehmann, origin- 
ally a cutter of iron and steel in the service of the em- 
peror Rudolph us II., was the first person who attempted 
this mode of embellishing the iijaterial. It was about 
the year 1()0,9, wlien, having procured frotji the emperor 
an exclusive patent for using the art, together with the 
appointment *of lapidary and glass-cutter to the court, 
Lehrnapn jirosecuted his invention with much success in 
the city of Prague*. 

Before that time, many artists had engraved figures 
upon glass„,by means of the diamond ; and their labours 
were greatly admired. Some glazjers had also discovered 
ji mode of cutliug glass by the employment of emery 
powder, and sharp- pointM instruments of hardened 
steel, as well as with heated irons ; but these methods 
were greatly different in ♦he manner of their performance, 
as well as inferior in their effect, lo Lehmann’s process, 
by which they were consequently, for the most part, 
superseded. It was, however, very lonjJ after the period 
already mentioned, that die art attained to any thing 
like the degree of perfection which it now exhibits. 

At the end of the seventeenth century, glass-cutting 
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was prosecuted to a great extent, and in a very improved 
style, at Nuremberg ; the artists of that place having 
much simplified the tools employed, as well as tlie me- 
thods used for their employment. 

In the present advanced state of the art, the glass 
utensils atld ornaments which contribute so greatly to the 
embellishment of our tables and saloons, owe much of 
their richness and brilliancy to the el^orate manner in 
which tliey are cut. This mode of ornamenting glass, 
although it does not indeed offer any field for exercising 
the higher faculties of gehius and invention, yet calls for 
a considerable degree of taste in the arrangement of 
forms and figures. 

The implements employed \ty the glass-cutter, al- 
though, owing to the great variety of the work wliich 
he has to execute, they are of necessity numerous, yet 
partake of the simplicity observable throughout the va- 
rious processes of the manufacture. 


Fig- S6. 



In some principal Establishments, steam power is used 
for giving motion to a shaft which causes the revolution 
of numerous large wheels or drums fixed thereon, and 
each of these being connected by a band with a pulley 
on the axle of a smaller wheel, occasions the latter to 
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revolve with great celerity : these small wheels are the 
cutting instruments. The occupation is frequently car- 
riecl on in the apartment of an individual workman, 
and in this case, only one large wheel, similarly con. 
neqted with the axle of one of smaller diameter is 
turned by means of a winch, a boy being employed for 
the purpose. In sll other respects the process is iden- 
tical, whether prosecuted in the attic of the artisan, or 
in the spacious factory of the manufacturer. 

The small wheels are so arnanged,^ that each can be 
unfixed without difficulty, and another substituted of a 
form better suited to the %vork in hand, or of a material 
more adapted to the stage of the process. 

As regards their forms,-*thcse cutting wheels are either 
narrow or broad — flat-edged — ^mitre-edged, that is, with 
two faces forming a sliarp angle at their point of meet- 
ing — convex — or concave. In fact, so vapous are the 
wants of the workman, that as many as forty or fifty 
wheels having diftcrently shaped edges, are to be found 
in the workshop. 

The materials employed in tlve formation of these 
cutting implements are, iron, both cast and wrought ; 
Yorksliirc stone ; and willow wood. Wrought iron is, 
indeed, only used for cutters of the narrow^est dimen- 
sions, and which jt would therefore not be possible to 
make sufficiently t^ugh of cast metal. Iron wheels are 
used only for the first or roughest part of the operation, 
and their employment is even dispensed with altogether, 
wrhere it is intended that the pattern shall be at all mi- 
nute ; as the ineluil and the sand, which must be used 
in conjunction with it, would act too roughly, and fre-* 
quently chip away portions of the glass. For such mi- 
nute w'orks, and »for sniocrthiiig tlown rtie asperities which 
wUl always be occasioned where iron cutters have been 
applied, awheel of Yorkshire stone, moistened with water, 
must be used. The further smoothing'^ and subsequent 
polishing of the cut surfalies are effected with wooden 
wheels : for the first of these objects, the edge is dressed 
with either pumice stone or rotten stone ; and for im- 
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parting the high degree of polish that is requisite for 
properly finishing the process, putty-powder is em- 
ployed. 

Beneath each one of the cutting wheels, a small cis- 
tern is fixed to receive the sand, water, or powder which 
has been used ; and over the wheel, a small keg or a conical 
vessel is placed, the cock or opening at the bottom of 
whicl^ is so situated and regulated, as tliat the requisite 
quantity of moisture will be imparted from it to the 
wheel. The vessel which is ])laced over the iron wheel 
is furnished witli fine sand, and into this water is ad- 
mitted in such quantity as will ensure the constant 
delivery of the moistened sand upon the face of the 
wheel in such proportion as .the workman finds most 
desirable. The emery powder, rotten-stone, or putty 
powder, are applied from time to time as required by 
the workman, on the edge of the smoothing or polishing 
wheel. 

From this short description of the implements, the 
manner of their employment %vill he readily compre- 
hended. The glass-cutter seats himself on a stool in 
front of the wheel ; and taking in his hand the glass to 
be ornamented, applies this to the face of the cutter, the 
correctness of his eye and the steadiness of his hand 
being called into requisition, in the successive applica- 
tions to the wheel, of those parts of the glass that are to 
be cut. Placed at his right hand each workman has a 
small tub containing water, wherewith from time to 
time he washes away the particles of sand or powder 
which may adhere to* the glass, th&t ]^e may the better 
judge as to the progress of his work. ^ 

It may readily be supposed that, in conducting a 
process of this naUire, with so«exceedingly brittle a sub- 
stance, accidents wil} often occur through the breaking 
of the material. The frequency of these casualties will 
of course depend, in a great measure, upon the original 
quality of the material ; and this forms one reason why 
ihe best description of glass is generally chosen for the 
purpose of being cut. 
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In fitjing up the machinery, it is plain that the utmort 
accuracy must be exercised. If the cutting-wheels were 
allowed to turn upon their centres with the smi.llest de- 
grw of eccentricity, it would be quite impossible for the 
operator to proceed with any regularity in his work, or 
to produce a satisfactory effect. 

The wages of ggl ass- cutters, in common with those 
of men employed in the different manufacturing processes 
of a glass-house, are paid according to the work which 
they deliver in a finished and perfect state; so that if any 
accident should occur to the glass while in their hands, 
as is frequently the case, the workmen cannot claim any 
payment for the labour which they may already have 
bestowed upon it. Every man who follows the oc- 
cupation of a glass-cutter is capable of executing each 
part of the process, although some will succeed better in 
one branch than in others. In large establishments 
there is generally such a choice of work, that every 
workman has the opportunity of providing himself with 
employment in that branch which he prefers; besides 
this, two or more men, forming a sort of partnership, 
will frequently undertake work in conjunction, each of 
them performing that branch of the process which he 
feels himself (^alified to execute witli the greatest success, 
by wliicli division of labour the whole work is more ex- 
peditiously and pfobably also more satisfactorily per- 
formed. 

The grinding of glass, or frosting it, in order to lessen 
its transparency, forms a branch of the glass-cutter’s 
art. The objectg fb which, in the present day, this 
grinding process^ is most commonly applied, are shades 
for softening the light diffused by table lamps. As the 
roughness is given to th^ inner surface of these glasses, 
it is plain that they cannot^be applied to the cutting- 
wheel for the purpose. Instead of this, the shades are, 
therefore, fixed in a lathe, and the workman, holding in 
his hand a piece of wood which he covers with wet sand, 
causes this to mb with tlie necessary degree of force 
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against the inner surface during the rapid revolutions 
of the glass. 

The amount and description of labour bestowed upon 
articles which pass through the glass-cutter’s hahds^ 
must necessarily enhance their money value^ and there- 
fore circumscribe their use. Nor is there much redson 
to look for the discovery of any inrprovements in the 
processes whereby that labour can be so .^bridged as that 
the manufacture will be brought within the reacli of a 
larger number of consumers. Under this view^ any 
method of ornaihenting glass which can be offered as a 
tolerable substitute for cutting it, is likely to be favourably 
received by the public. 

Such an invention has receptiy been made the subject 
of a patent, under which glass vessels, having a great 
variety of shapes, are formed with ornamental figured 
patterns impressed upon them. 

The methbd of producing these patterns is sufficiently 
simple, and consists in placing a quantity of melted 
glass within a metallic mould of the required form, in 
die lower division of which the desired pattern is en- 
graved ; and in then bringing down the upper section of 
the mould, and pressing the melted glass between the 
two. The only skill required for the operation is that of 
apportioning rightly the quantity of melted glass which 
is required for exactly filling the mould, so as to take 
a faithful impression of the engraved pattern. The two 
parts of the mould are connected together by means of 
a hinge, and the upper portion is provided 'with a long 
handle, which acts as k lever for imparting the requisite 
pressure. The lower section is composed of two pieces^ 
which being opened, the glass may be removed from the 
mould almost at the moment o{ its formation. 

Intended as a substitute for cutting, this art must 
certainly be considered inferior. The patterns imparted 
by the mould are deficient in the degree of sharpness 
which is imparted by the wheel. On the other hand> 
9 description of ornament may be thus adopted, which 
is otherwise unattainable ; the figures may be either 
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raised depressed^ and patterns the most minute and 
intricate may be produced. Armorial bearings^ in par- 
ticular^ may thus be represented^ in a manner far superior 
to’ any engraving, not only as the glass will every where 
retain its polish, but also because figures may be given 
irf relief! Between the cost of the two processes there 
cannot be any comparison. 

Many specimens are preserved in collections of ancient 
glass which are ornamented with raised figures. These 
have been most probably produced by pressure within a 
mould while yet softened by heat, sudh a practice being 
one of great antiquity. Engraved figures were likewise 
executed upon hollow vessels by the old Greek artists ; 
and that celebrated engl-ayer on stones, Lawrence Natter, 
affirms, in his Treatise on the Antique, when compared 
with the Modem Method of Engraving on Precious 
Stones/' that the same kind of instruments were used 
for the production of these reliques of antiquity, as were 
<3mployed for the same puqwse at the time when he 
wrote. He considers that the old artists undoubtedly 
used a wheel, which moved in a horizontal direction 
above the table at which they wrought ; and this opinion 
is in agreement with a passage in Pliny (Hist. Nat. 
lib. xxxvi. cap. 26*.): — Ahud flatu figuratur, aliud 
torno teritur, aliud argenti modo cielatur.” On the 
other hand, to a^ree with Natter would be to deprive 
Lehmann of his reputation as an inventor, although he 
may still be entitled to the honour of having revived an 
art which had become obsolete ; and this, in the opinion 
of the learned antiquarian Cayhis, himself the re-in- 
ventor of a sister art, is the amount of merit whereto 
Lehmann may justly lay claim. 

In the middle of the, sixteenth cejitury, when glasses 
manufactured in the Venetian stages enjoyed the highest 
reputation throughout Europe, it was common to find 
these ornamented by engravings executed with the dia- 
mond. More than an hundred years had elapsed from 
that period, when Henry Schwanhard, a pupil of Leh- 
mann, was incited by the accidental circumstance of the 
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corrosion of his spectacle glass^ to a method of etching on 
glass by means of some powerful acid liquor. His 
manner of preparing tliis liquor was kept secret by him ; 
and as no fluids save duoric acid, witli which we are ac- 
quainted, has tlie property of acting upon the surface of 
glass, while the discovery of this powerful mcnstruultn 
was not brought before the world prior to the publication 
of Scheele's experiments in 1771, it is much to be re- 
gretted tliat the secret of Schwanhard was suffered to go 
with him to the grave. 

The method pifrsued 6y this artist in the application 
of his discovery was different to that which is practised 
at present. This is, to coat over the entire surfr.ee of 
' the glass with varnish, and, ^Hrough this coating, to 
trace out the intended figures, leaving the glass exposed 
to the action of the acid only in those parts which are 
to be occupied by the figures. Schwanhard, on the 
contrary, firbr traced the figures, and, having filled the 
outline on the glass with varnish, a[)plied his corrosive 
fluid to the remainder of the surface. By this means 
the figures were left in relief, and with their original 
polish, the effect of which was pleasing, and totally dis- 
similar to the appearance of engravings with the diamond, 
which latter circumstance it probably wa^that incited 
the artist to the adoption of his peculiar method, since 
his productions would, by that means^ be more readily 
''^distinguished from the works of others^ 

The varnish employed by artists for defending, where 
it is requisite, the surface of the glass from the corroding 
power of the acid, is usually either a Wution of isinglass 
in water, or common turpentine varnish mixed with a 
small proportion of white lead. 

By the aid of a v,ery few implements, the art of etch- 
ing on glass may be rendererl a pleasing occupation for 
amateurs. Good crown-glass is the most proper descrip- 
tion to be chosen for this purpose. Having selected a 
square pane of the proper sizey this should be first heated 
by irameridon in a sand-bath, and then rubbed over with 
purified bees’-wax, the temperature of the glass being 
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such as to cause the wax to melt completely and uni- 
formly over its surface. Tiie pane^ thus covered, must 
tlien be set aside to cool ; and it is important to observe^ 
th*at every part of its face must be protected by this 
coating of wax ; which, however^ need not be thick, 
aTid indeed should not be applied in sufficiedt quantity 
to render the glass opaque. 

A paper having the design boldly drawn upon it, may 
then be attached to the uiiwaxed under-side of the glass ; 
and this drawing will greatly assist the artist in per- 
forming the next process, tliat of tracing the design 
through the wax. The best kind of tool for executing 
this operation is a carpenter s brad-awl, which, as it is 
flattened at the end ift ^one direction, and rounded in * 
another, may, according to die position wherein it is 
held, he easily made to trace lines having the requisite 
and different degrees of fineness. The point of a pen- 
knife, or any similar implement, may be tised as a sub- 
stitute for the brad-awl, and with almost equal efficacy. 
In tracing these lines, the artist must be mindful that 
his instrument lays bare the surface of the glass through- 
out the whole extent of the stroltes. 

A shallow evaporating basin of Weilgewood ware 
must next he employed. Its size should be such as will 
include within its area every part of tlie design ; and it 
must at tlie sain<? time he sufficiently small to be corn- 
pletely covered when the pane of glass is made to rest 
upon its edge. Some coarsely powdered fluor spar must 
then be placed in the basin, together with a quantity of 
strong sulphuric tft;id, suflicienf to form with it a thin 
' paste, when the two substances must be well mixed toge- 
ther by stirring them. The quantity of fluor spar must 
of course be regulated ^y Uie size gf the etching ; and 
it may be a sufficient gu^ie oq that head, to recom- 
mend tliat two ounces of the coarse powder be used 
when the basin is capable of containing a pint : these 
basins are readily procurable from any respectable dealer 
in earthenware. 

As soon as the acid and fluor spar are properly in- 
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corporated together^ tlie pane of glass should placed 
upon the basin^ with the waxed side downwards^ and a 
moderate degree of heat must be applied to the bottom 
of the basin ; somewhere between 120 and 140 degrees 
of Fahrenheit’s scale will be found most eligible. Per- 
haps the b'est means of providing a steady heat for thits 
purpose is offered by the sand-bath^ which was used for 
heating the glass before applying the wax. On this sub- 
sequent occasion^ however, the temperature must never 
be sufficiently high to melt tlie wax, which in that case 
would run over thfe glass, and wholly destroj^the effect 
of the etching. 

Very soon after this application of heat, fumes of 
fluoric acid will arise copiously; from the oasin, and at- 
tack the unprotected portions of the glass. When the 
basin and its contents are once thoroughly warmed, the 
heat of the sand-bath may be advantageously diminished. 

After the glass has been thus exposed during half an 
hour, it may be removed from the basin ; and first being 
rinsed in water, for the purpose of diluting or washing 
away the fluoric acid, the wax may be scraped off with 
a common table-knife ;* the design will then be found 
perfectly etched upon the surface of the glass. 

A metallic basin will answer perfectly f<wr generating 
the fluoric acid ; but it will he altogether improper to 
use any glazed vessels for the purpose, as the vitreous 
coating of such would be entirely destroyed. 

In performing this process, it is necessary to use some 
caution; as fluoric acid, if brought into contact with the 
skin, will quickly disorganise it, anfl produce wounds 
which may be painful and troublesome ; a very little ' 
carefulness will, however, suffice for preventing any 
accident of this natigre. ^ 

When it is required, thus {0 engrave other tUan plane 
surfaces, another arrangement must be provided : the 
glass must be exposed to the fumes of fluoric acid in 
some deep vessel ; without, however, being suffered to 
come in contact with the pasty compound whence the 
add fumes arise, and the whole should be covered over. 
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to ccAifine and retain those fumes^ so that they may folly 
act upon the glass. 

Articles made of flint glass are sometimes v’ery taste- 
llilly ornamented^ by enclosing within their substance 
various objects formed out of bodies which, being less 
fusible tlian glass, will not be altered in their forn* or 
nature by the heat contained in this at the moment of 
their introduction. 

The art was first attempted about fifty years ago, by 
a glass manufacturer in Bohemia, who sought to incrust 
small figures made with a greyish Icind of clay. His 
success in this attempt was but moderate ; the material 
of which he made choice for his figures, expanded and 
contracted very uneqd^lly with the surrounding glass/ 
and their adhesion to it was consequently imperfect. 

The successful accomplishment of this pleasing art 
has long been a favourite object with the French manu- 
facturers, who have been unsparing of tfxpcnse in their 
efforts for its perfection. For a long time, however, 
their success was small, and the specimens produced by 
diem were so costly, that but little encouragement was 
offered on the part of purchasers. The subject at that 
time principally chosen for the exercise of this art, was 
a me<lallioii of Napoleon, whose courtiers evinced the 
desire of possessing his likeness in this imperishable 
form,* as being emblematic of their own unalterable at- 
tachment ! Im^irovements have since been made by the 
French artists, which have enabled them to reduce the 
cost of th&e incrustations within more moderate bounds ; 
but their manufacturers have Hitherto mostly restricted 
themselves to the ornamenting in this manner of scent 
bottles and trinkets. 

A few years ago onj of the inos^ considerable London 
glass manufacturers discovered the means of attaining to 
a higher degree of success, and is now enabled thus to 
ornament, in a very tasteful manner,* various objects of 
considerable size ; employing for the purpose substances 
whose property it is to expand and contract equally with 
glass upon exposure to altered temperatures. This in- 
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teresting art can by this means be applied to represent 
ornaments of almost every description. The appearance 
most usually given to them is that of silver ; biu as the 
metallic oxides may be employed for colouring the sub* 
stances previous to their incrustation^ every variety of 
hue that dan be used in enamel painting may also be 
imparted. 
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CHAP. XVI. 

ON THE DEVITRIFICATION OF GLASS. 

FIRST OKSF-RVED UY KEUMAMK. EXPERIMENTS OF REAUMUR. • — 

SUBSTANCE KNOWN AS KKAUMIJR*S PORCELAIN. INAFPRO- 

PRIATFNESS OF THIS NAME. USES TO WHICH THE SUBSTANCE 

MAY BE APPLIEO. COMMON BOTTLE GLASS MOST PROPER FOR 

THIa CONVERSION. METHOH OF EFFECTING THE CHANGE.— 

PKOUUC^I) SOLELY BY HEAT. p'xPER1M^:NTS OF UR. LFWIS.— 

REMTRIFCATION. EXPERIMENTS OF SIR JAMES HALL. 

PROPOSAL SUGGESTEO THEREBY. OllSERVATIONS OF GUYTON- 

MORVEAU. ARTIFICIAL INTAGLIOS. MOCK ONYXES. 

rOW'FR OF HEYITRIFIED QLASS TO BF.AR SUl^DEN CHANGES OF* 

TEMPERATURE. EXPERIMENTS WITH COLOURED GLASS. 

GLASS DEVITRIFIED BY BURNING LAVA. THE PROCESS PRO- 
MOTED BY MULTIPLYING THE INGREDIENTS OF GLASS. DEVI- 

TltlFIEl) GLASS CONDUCTS HEAT MORE PERFECTLY THAN WHEN 

VITREOUS RECOMF.S A CONDUCTOR OF ELECTRICITY.— RETAINS 

THIS PROPFRTY^ WHEN IIEVITHIFIED. 


It was observed very long since by Neumann, that some 
kinds of glass, if exposed during any considerable time 
tn a high degree of heat, but below their point of fusion, 
are so far changed in their properties and texture as to 
become opaque, fibrous, and tough ; and so hard as to 
give abundant sfiarks if struck with steel, to cut any 
common glass readily, and to be scarcely susceptible of 
abrasion by filing. It has also been found, that in Uking 
this form glass so far alters its nature as regards its 
qualities of expjndon and conducting of heat, that it will 
bear a sudden transference from freezing to boiling water. 

That indefatigable naturalist, M. Reaumur, made va- 
rious experiments and, observations on this phenome- 
non ; and, in the year 1739> cq^imunicated the result 
of these to the Royal Academy of Sciences in Paris. The 
subject becoming by this means more generally known, 
glass, when thus converted, obtained, and has since kept 
the name, of Reaumur* 8 porcelain; a designation which 
it owes to its appearance rather than to its real proper* 
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ties^ which do not at all entitle it to be classed with 
porcelain. It is probably owing to the inappropriate 
name which the substance thus acquired, that so litdp 
has been done towards a true developement of the facts 
and circuTi\stanees attendant upon the devitrification of 
glass. Even the greater number of such scientific men 
as for a time entered upon the investigation, limited their 
labours to experiments with various cementing substances, 
that they might arrive at the discovery of that one which 
would ensure the concurre^ice of the greatest number of 
good qualities that should be found in porcelain. The 
futility of these experiments has since been made evident; 
and it must be regretted that the same amount of re- 
'search as was thus unprofitably bestowed, has not been 
given to elucidate the actual properties of devitrified 
glass, and to render it practically serviceable to society. 

Reaumur was of opinion that its quality of resisting 
alternations of temperature, its toughness, as well as the 
power it possesses of withstanding the action of acid 
liquids, render this porcelainous glass well qualified for 
the formation of chemipal vessels. The same opinion 
has been equally held and declared by other philosophers 
who have brought their minds to the investigation of the 
subject ; and it appears singular that theif suggestion 
should not, consequently, have been very generally reduced 
to practice. This circumstance must fu|[ther excite sur- 
prise, when it is considered in how many important 
operations of the laboratory such a substitute fpr metallic 
vessels would be advantageous. In operating upon any 
practical scale, the chemist is driven, fon want of such a 
substitute, either to the employment of metals which are 
liable to be injuriously acted upon by the matters under 
process, or is compeEed to adopt vessels of platinum, the 
expensiveness of which' places them beyond the prudent 
reach of most persons. In one instance, a manufacturer 
of pharmaceutical 'preparations, who is exceedingly par- 
ticular as to the absolute purify of his productions, has 
recently incurred the expense of constructing a pan of 
nnaUoyed diver, forty inches in diameter, wherein to 
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evapoi^£^te vegetable extracts, many of which, in some 
degree or other, act upon and are impregnated by copper. 

Could vessels formed of this fibrous glass be adopted 
with safety, there would be nothing in their cost, espe- 
cially when of moderate size, to prevent their general 
adoption. The only circumstance hitherto assigned 
against this adoption is, that although the inner texture 
of the glass is fine and white, the surface is coar.se and 
of a dirty appearance ; but this must be thought a very 
insufficient cause for foregoing , such decided atlvantages 
as are apimrently offered through its employment. 

All kinds of glass are not equally qualified to undergo 
this conversion ; with some descriptions, indeed, it will 
not ensue. Not any vifrqous compound seems altogether 
proper for it, with the exception of common green bottle- 
glass, and })cfhaps also the ordinary kinds of window 
glass. 

The method commonly employed for effecting the 
change is as follows : — The glass vessel is placed within 
a larger earthen vessel, in the same manner as is pur- 
sued for baking porcelain. The entire s])ace unoccu- 
pied by the glass is next filled by pouring into the 
vessel fine white sand, or powdered gypsum, so that the 
glass shall itot be allowed at any point to come into 
contact with the earthen case. The containing vessel is 
then covered ilow’n, securely luted, and the whole is 
placed within the furnace. 

It was for some time generally imagined, that in this 
process, wiTich is very similar to that which is known 
to chemists uiid^r Ithe name of cementation, the glass 
ow’es the change which it undergoes to some chemical 
action of the gypsum upon its substance ; but this has 
been proved erroneous. . It is shown by Dr. Lewis, in 
the detail of his various experiments, that not only may 
the nature of die powder be almost infinitely varied, 
without in the least affecting the operation, as far as 
regards the altered textuire of the glass, but that the 
change equally and identically goes forward in the ab- 
sence of all cementing substance ; a fact wliich is con- 
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elusive upon the subject^ and which proves that wlfatever 
may be the particular substance employed, whether sand^ 
bone-ash, chalk, or gypsum, it acts merely by affording 
mechanical aid, sustaining the glass in its proper form 
during thp period when it is softened by heat, and 
when, if deprived of such support, it would be liable to 
irreparable injury in falling together b3^,meanB of its own 
gravity. 

In the course of experiments, which are detailed by 
him at some length *, Dr. Lewis placed several pieces of 
common wine bottles into crucibles, pouring \)ver them 
the requisite quantities of white sand, and placing them 
in a proper furnace, wherein they vfere heated during 
many hours. In order to ascertain the progress of the 
change, pieces were withdrawn from time to time for exa- 
mination. Those pieces which were first taken out, after 
having been during several hours in the furnace, but with- 
out being heated to redness, exhibited no sort of change 
whatever. In a low red heat the change went forward 
very slowly, but still was quite perceptible; while in 
a strong red heat approaching to whiteness, and which 
only just avoided that degree of intenseness which would 
have melted the glass, the change went on rapidly, be- 
ginning at each surface, and spreading •towards the 
middle; so that, in two hours, the substanice had 
assumed throughout the appearance of, porcelain. 

^ The glass became first of a bluish colour on the sur- 
face, and exhibited a very sensible diminytion of its 
- transparency. After this, it gradually became white 
,(|^nd more opaque ; the texture no longer continued vi- 
> treous, but became fibrous, as already ^.described ; and 
these fibres were disposed nearly pardlel to each other, 
and transverse to the thickness of the piece. fibres 
from both surfaces meeting<in the middle, formed there 
a kind of partition, in which cavities were occasionally 
perceptible. By ^degrees this opacity and fibrous change 
were completed, the blue colour disappeared, and was 
succeeded by a dull white or dun colour. 

* Comftkciiim Fhilosopbico-technicuni, p. S50. 
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'Whip exposure to the same high degree of heat was 
continu^ after the production of this effect, tlue glass 
was seen*to undergo a still further change of texture : 
the fibres appeared to be divided or cut into grains; be- 
ginning, as before, at the outer ends, and proceeding on- 
i^rds towards the middle, until the entire substance as- 
sumed a granular^orm, similar to ordinary porcelain. A 
still further continuance of heat caused the grains,,which 
at first were fine and glossy, to become enlarged and dull, 
and to change from a compact 1|p a porous, and at length 
to a friable substance, resembling a* slightly cohering 
mass of white sand, not easily distinguishable from that 
wherein it was eiifbcdded. 

If glass, which has fie^n withdrawn from the furnace 
at the time it has assumed the fibrous state, be after- 
wards subjected to a very strong heat, it will melt into 
a semi-transparent mass, and may be drawn out in 
strings, which on cooling are found to Have lost their 
fibrous quality, and to have resumed their former vitr^- 
oub state, being no harder than before the original cement- 
ation. This fusion of porcelainous glass cannot, how- 
ever, be efiected, without the application of a degree of 
lieat considerably more intense than is reqmred for nicdt- 
ing glass in«its more usual form ; and it is also found 
that the farther the process of cementation has been 
carrioJ, tlie higl^r must the temperature be raised for 
its fusion ; so tlfat bpecimens which have been rendered 
granular are much more refractory than such as are 
simply fibrous. 

Although, th{oii{^liout the experiments of Dr. Lewis, 
‘no difference in^the actual proi)ertie8 of Reaumur’s por- 
celain followed the emxdoyment of different substances 
for embedding the glasg, — its internal colour, hardness, 
texture, and the regular suqcessiqn of its Ganges being 
the same in all cases ; — yet considerable difference was 
occasioned in its outward colour. li« charcoal or soot 
had been used, these procViced a deep black colour, which 
was not affected by long exposure to heat in an open fur- 
nace. Clay or sand which was colourpc^ communicated 

Y 
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different shades of brown ; and white earths gavf^^nther 
grey or brown tinges. The greatest degree of wUteness 
followed upon the use of white sand^ calcined flints, or 
gypsum ; and the highest state of glossiness or bright- 
ness was caused by the employment of pipe-clay. 

In the account published by sir James Hall of hft 
highly interesting course of experiments on the effects 
of compression in modifying the action of heat upon a 
certain class of substances, incidental mention is made 
of an important circumstance connected with this change 
in the texture of ti;lass, and which seems to ^int the 
way towards the institution of a further course of useful 
investigations. • 

• Having placed in the closed end of a porcelain tube a 
portion of the substance which he was about to subject 
to the action of heat under pressure, it became necessary 
to introduce likewise widiin the tube some other sub- 
stance, which could be brought to such a state as would 
oppose an effectual barrier against the communication of 
the principal substance with die atmosphere. The use 
of various bodies was attempted for this purpose, and 
each was successively r^ject^ as inadequate. Among 
these, sir Jam'es determined upon trying the effect of 
pounded glass; which, being placed withii the tube, 
above and nearly in contact with the principal substance, 
could be subjected to such a degree okT heat as would 
fuse the glass while the closed end of *che tube might 
be sufficiencly withdrawn from the action of the furnace ; 
and when, in the prosecution of the actual e34)eriment, 
this end should come to be placed in die^strongest heat, 
that portion of the tube in which the then compact body 
of glass was contained could be equally removed from 
a temperature which, would again alter its form. 

The description of glass ^cciSentally chosen by sir 
James Hall for his experiment, was that which is best 
of all qualified for|Conversion into Reaumur’s porcelain. 
Having introduced the tube wl^rein the pounded glass 
was contained within a muffle heated to the temperature 
of 20® of Wedgwood’s scale, 3677® Fahrenheit, he 
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discovered^ that in the space of one minute it entered 
into a state of viscid agglutination^ similar to that of 
honey ; ''and that when only one more minute had elapsed^ 
the entire particles were consolidated into a finn com- 
4 ^act mass of Reaumur’s porcelain : during the short 
period here mentioned^ the heat of the muffle had been 
uniformly sustained at the same degree. 

If a solid cylinder of glass^ having the same bulk as the 
powder thus placed within the tube, had been exposed 
to the same temperature, it would equally have under- 
gone a efiange from the vitreous to a fibrous state ; but 
the time required would have amounted to at least an 
hour. , 

The result of the dfecovery thus unexpectedly made 
by sir James Hall, renders it probable, that if common 
green bottle-glass, previously ground to powder, were 
introduced within appropriate moulds, qnd exposed to 
an adequate temperature, it would speedily and satis- 
factorily be converted into vessels of* Reaumur’s porce- 
lain ; and by this means, not only would the time 
expended be materially abridged, and fuel economised, 
but the manufacturer would be relieved from one of the 
greatest practical difficulties which has been fount? to 
attend the conversion, and which arises from the tena- 
city wherewith the sand usually employed is found to 
adhere to the glass. 

This evil is frequently experienced to so great a 
degree, that the force required for their separation en- 
dangers the breal^ing of the vessel. Moulds of every 
requisite form might be made without difficulty, of sub- 
stances sufficiently refractory to remain uninfluenced by 
the temperature employed for the conversion, and which 
would deliver the glasf^ freely upon •its completion. 

M. Guyton-Morveau reald, in 1810, before the French 
National Institute, a paper containing observations with 
a view to explain some phenomena *that occur in the 
fabrication of glass.* Iif the course of his remarks, this 
celebrated chemist drew the attention of his auditors to 

* Ann. de Cfaim. vol. IxxiU. 115. 
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several specimens of clevitriRed glass collected 
which had been rendered opaque and fibrous by the 
long-continued action of heat in a porcelain fiimacq. 
Some of these pieces were converted, without having 
been surrounded by sand or gypsum, or any other ce- 
menting substance, and yet exhibited tlie completesr 
change throughout rheir substance. 

One pf his specimens, composed of bottle glass, had 
been exposed, during three entire days, to the heat of 
50 degrees of Wedgwood'a pyrometer, and liad acquired 
interiorly a rosy tinf, its fracture exhibiting fibrOus lines, 
arranged in the form of stars, and conveiging tovrards 
tlie centre : this glass was sufficiently' haid to scratch 
rock crystal. Another specimep of flint glass, which 
had been exposed during the same time, in the same 
furnace, exhibited only the commencement of crystallis- 
ation at its surface; the interior retaining, unaltered, its 
original vitreous quality. 

M Guyton-Morveau likewise exhibited some artificial 
intaglios, made of bottle glass, which had been first soft- 
ened and moulded in a cupeHing-fumacc, on an impres- 
sion taken with rotten-stone, and subsequently devitrified 
in tike heat of a porcelain furnace. These specimens were 
sufficiently hard to scratch rock-crystal ; a qifctlity which 
points out the fitness of such productions to be used as 
dies for the preparation of intaglios and cameos, the im- 
pression which diey receive and impart being exceedingly 
chaste and perfect. The same quality suggests the ad- 
vantage that would probably be found in the employment 
of Reaumur's porcelain* in the comfiosUion of mock 
onyxes ; but, for this purpose, the ground and figures 
must be formed of separate layers of different-coloured 
glass, which must be brought togedier by means of some 
fluxing material, and afterwards devitrified, in order to 
give them the requisite opacity, and, in some degree, 
also, that hardness which is the distinguishing cliaracte- 
listic of gems. 

One specimen, also brought forward on the same occa- 
sion by M. Guyton-Morveau^ was a segment of a globe. 
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com^Qscd of bottle-glass, which had been cut in the form 
of a watch glass, to be used as a capsule, and afterwards 
devitrified. This piece might be suddenly heated rcd- 
fiot, and immediately thrown into cold water, without 
experiencing injury. It might also be kept in heated 
***sul 2 >huric acid, without exhibiting the least corrosion or 
alteration of weight ; two qualities calculated to render 
its employment eminently advantageous for the purposes 
of chemical analysis. 

The result of different experiments made to devitrify 
stained glass taken from church windows, was likewise 
shown, on the same occasion, by M. Guyton-Morveau. 
Of various pieced thus treated, some were coloured red by 
the precipitate of Cassius, and others blue by oxide of 
cobalt. One of the red specimens contained lead in its 
composition ; this, on losing its transparent quality, had 
become of a spongy consistency, and appeared full of 
blebs ; in the other ])iece, which was hard crown-glass, 
the devitrification was seen to have pursued Its usual and 
regular course, interiorly from the two surfaces : it had 
acquired a ]mrple tinge, and was so little hardened that 
it might be scratched by rock-crystal. The piece which 
had been stained by oxide of cobalt differed froniK 
last in mc/e than one particular. Its hardness was so 
great, that scarcely could any perceptible mark be made 
upon it by adamantine spar ; its blue colour, which had 
the appearance of being somewhat weakened internally, 
was at the same time more intense at the surface, a va- 
riance which might, indeed, be more apparent than real, 
and which prqbs^ly resulted from the greater opaqueness 
it had acquired at that part ; as although the glass had 
lost all transparency, the devitrification was by no means 
perfect, having proceeded but a short distance below the 
surface. 

Glass has been converted into Reaumur’s porcelain 
during volcanic eruptions, by being enveloped in burning 
lava. Some specimenfi of this kind were obtained after 
the destruction of Torre del Greco, in 1794 ; but it is 
somewhat remarkable, that this devitrifying effect has 
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been by no means uniformly exhibited under the aav^ dr* 
cumstances since pieces of glass have been found, which^ 
although completely embedded between two opaque vol- 
canic crusts^ yet retain their transparency and vitreous 
qualities. The examination of these particular specimens 
does not appear to have been carried sufficienUy far tcT 
determine the fact; but it is by no means unlikely that 
the varying effect here noticed may have been owing to 
some diHerence in their original composition. 

The greater the number of suitable ingredients that 
are employed in the«compo*sition of glass^ the more easily 
and promptly does it become devitrified. This circum- 
stance will sufficiently account for the fact of bottle-glass 
})eing the most suitable of any for conversion into Reau- 
mur's porcelain. Having been* compounded without 
much attention to the purity of its ingredients^ this sub- 
stance contains a great variety of earthy salts in minute 
quantities ; while plate glass^ which is a much more 
simple body, and in the manufacture of which the puri- 
fied ingredients are brought together in the precise pro- 
portions that are required exactly to saturate each other^ 
can be devitrified only partially^ and with great difficulty. 

On the other diand^ in the same manner as a solution 
compounded of a great variety of saline bodit^ forms its 
crystalline deposits in a confused manner, so is it also 
observed that the fewer the number of ingredients Which 
are contained in devitrified glass, the ^greater is the 
degree of regularity whereby its fibrous arrangement is 
attended ; and for this reason plate glass, Wnere the 
difficulty attending its detitrification has been overcome, 
furnislies, if not the most complete, yet certainly the 
most regular and beautiful specimens dt Reaumur^s 
porcelain. 

It has been observed that glass, 'when devitrified, be- 
comes a much more perfect conductor of heat and elec- 
tricity than it was, before it had changed its vitreous 
form. In fact, several pieces of glass, when converted 
into Reaumur's porcelain, could not be made to exhibit 
any sign of electricity by friction. This circumstance 
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is re4^ered yet more remarkable by the fact^ that glass 
which, having been once devitrihed, has been made to 
resume its vitreous form by fusion^ idthough it is thereby 
i^invested with its original density, fractuib, and other 
characteristics, yet shows no greater diq>osition to be- 
*come electric than it exhibited during its state of devi. 
trification. 
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Jao tcheoii, precious jewels of, 113. 
Jaqutn, M., his invmition of mock- 
pearl, 236. 

Jasper-ware of Wedgwood, 17. 


Kao-lin, analysis of, 109. 

Keysler, his description of a mode 
of composing pictures in coloured, 
glass, 285^ 

Kia-tsing, 117. 

King-te-ching porcelain manufac- 
lOriesof, lOfl 

Klaproth, his investigations respect- 
ing the eapability of dissofvir^ 
silex in water, 29. HU analysis 
of the specimens of Roman mo- 
sale, 269. H is analysis of ancient 
blue glass, 270. His account of 
ancient mosaics, 284^ 

Ku-tong, 119. 
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L 

Lathe, potter^, cleBcription of, 4«5 

Len^ torma>jon of, prei>Bration 
oftlitncccsfca|y tooU, Choice 
of glass lor, %43 Grinding *iud 
pohtohing, £14 

lioysel, M , his direction for the 
constructioiii of a flirnace in the 
manufoetun of glass, 152 lie. 
commends the use of minium in 
themanulicturL of flint g1av4,]6S 
His reiifc lor the formation of 
crown ^liss, 180 Hi account of 
the composition of bottle glass in 
Frame, 1 0 His account ol the 
composition of plate fj-iss at S 
Gobain, 1 )8 His rcciix. for the 
romposit on of artificial f,ems, 
8S0 Ills cxiierimcnts on the 
apecifii gravity of £la88, 261 

Lunette glasses, manufacture of, 
230 

Lustre ware, gold and silver, 89 


M 

Macquer, his rem ul son Reaumur s 
expel imeiits concerning porct 
Iain, 11 1 umace of, 58 

Manganeoe , black oxide of, used for 
clearing f,lisf», 148 

Mansell, sir Robert, obtains a mo 
nopoly tor manufacturing glas»i in 
England, 13b 

Mcxldler, qualifications requisite 
for, 52 

Morveau, Monsieur Guyton, his 
expenmen ts on the specific gra 
vity of incited glass, 147 His 
observations on the devitnfica 
tion of glass, o2 f 

Moulds, method of making them. 


N 

Nerif his recipe for imitating the 
garnet, 276 His recipe for white 
oiNique glass, 281 

Neumann, first observes the dcvi 
tnfication of glaSb, 317 

Nungarrow, factory, superiority of 
Its porcelain, 56 • 


P 

Pipes, tobacco, manufacture of pro 
secuted to a great extent, des. 
cnption of matcnal, 99 Boring, 
moulding, polishing, baking, 100 


Description of the kiln^pf dru- 
ciblis, 102 ManufactUTi of, pro. 
stcut^ to a great extent m 
Holland Or giiially conveyed 
thither from Lnglind, 101 , 

Polo, Mario, his mention of tiie 
^rc clam manufacture ol China, 

Porcelain, ^ Antiqu ty of, 'I. 
Made in Tapan at an early pcnoil, 
7 Oriental porcelun cuminon 
in I'uroixPin the fust century, 
antiquity ol the mmulicturc ct 
in l!.g>pt, b ProbabU origin of 
the word, 9 M nuisiturcd in 
Saxon v by baron de Bottieher, 
10 Re lumur s cxjKnnu nts rc 
speetnv 10 HiniCd) s iccount 
of til It mar ufaetiircLl at Dresden, 

1 Ant quity of mnufac‘urc 
in Statfordshire, 13 Manufu 
1 v the two brothers namicl 
l^ku, 14 Manufacture of im 
liortdiit to Lnglanl, UJ Manu 
lit till id at Lambeth Derby, 
«1 Shrop««hiri , \orkshire, at 
the Rockin),h nil works, ^2 A 
tax impiscd iJi>on stone lottles, 
t Ingredients used in the ma- 
nufactiie of pottery, ^ Jhe 
quality of cliy used in the manu- 
farturcof J) Steitite ersoq stone 
used in the maimfaeturc of, iJ 
Spuma m tru used in its manuf ic* 
ture Qu ility ol water used, 
5 Xhe prcxt*>s of bluneing, Sb 
Prore«>h fur irepiring the flint, 
37 Utility and dcsenition of 
Brindk> a mill in the prepare 
ation of, 38 blip, slij kiln, 

Slip house, 40 J he process of 
slapping in the mamifae^urc of, 
41 Methi d ot manuf it tunng in 
France not I ^plsu secret i t) ^ 
England, 12 ( tk me d bones used 
in the manufacture of, 43 I he 
earth used in Btrkn, 44 ihc 
formation of utensils in the ma 
nufietuT£ of, the process ot 
throwing, 4(^ Milled edges , the 
handler, 49 Method ot orna- 
mentii g poroelain desc ribcd, 50 
Method ot making moulds, >1 
Roiled plaster used in making 
me ulds, 51 1 ncreasing skill of ar 
tisca, 53 Mould makfir, method 
of nis working, 5 3 Method of cast, 
ing, 54 Seggars of imperfect ma. 
tenals in England, Nungarrow 
foctory, 55 lumace of MM de 
Montijiny and Macquer, a8 i b£ 
iiiscuit oven of ■Worcester .Chi- 
nese method of firing, 61 Dura- 
tlon of the baking process , oven 
man, trial pieces, 63 C^mpo 
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Aition ^ raw glazes , bad effects 
of them, 6 ) Glaze*) general!} , fi7 
Inferior glazes, low -priced wares, 
VO • Regi'4ation ot temperature , 
Qualities of good iwrcelain , stone- 
waie, 7 1 I'aintetl ware of Wor 
tester , of Staffbrdshire , of Uer- 
bv , of Yorkshire, 75 Metallic 
oxides, 70 Addition of fluxing bo. 
dies nei c^bar\ , 77 Vehule used 
with the i olours SO Purple and 
violet, 81 Red, 82® Yellow, h> 
lllue, 84 Green , brown , black, 

87 \\bite,8(i (oinpound colours, 

88 (filding , lustrc-ware , pre- 
paration ot colours H9 LnaiiioU 
ling kilns trill pitetb,90 Gild, 
ing ind biiTiUbhing, ‘»1 AnaUsis 
of the duxf- and recipes forco. 
lours, 07 Mt thod of transferring 
copp rplato designs m porcelain, 
9fi I iciM h method, 97 J^nu- 
fictiiiL ot, ill ( him, 10-^^ t^}i. 
pOMCl su)>onorit\ of old China 
w are , mate n tU ttnplo>ed , kao- 
lin , }K tun tsi , thiir prepira- 
tioii, 10 i Oils or varnishes, 
their compiMtion, 107 Hao-che 
8U|xiior to koo Ini, lOS Analysis 
ot k lo-lin , 1 \t( nt of factories at 
King-te (hinr, gre it number of 
woikmin, KW Preparation of 
mate lids, llO McthcKl of fa 
shinning utensils, moulds, 110 
Division of labour, 111* Defi. 
cieiKv of the (hiiKse in the art 
of design, 1 12 Blue first the onl> 
colour Used 11) i hiiiesc igno- 
rant ol chcmicd Mieiuc^, 115 
Dim im , tsou^chi, 11b Kn-tsing 
method of tuiming it, 117 Chi. 
nese turnacis, pission for old 
pored iiti,l IS Kiitong,1l9 Mock 

I jtics , re iboi^or the rosth- 
ness ot niua-w^ m Europe, 
119 Pon elain tower , tse.ki , at- 
tempt ot tlie emperor to transfer 
the manufacture to Pekin, 120 
Potterv, antiquity of, 'ib M-ide in 
England before Ilk' invasion of 
the Romans, 6 Antiquity of in 
1 Inna, 7 •• 

Pyrometer of Wedgwood, 27 


L 

) of, conftm- 


Reaumur, expenment* of, conftm- 
ing the manufacture of china, 10 
His experiments upon the divi. 
trihcation of glass, his porcelain, 
817 ^ 

Rockingham, the, porcelain manu- 
factory, 22 


Rose, Mr John, lii^laze for hard 
porcelain, 67 ^ 

Rykum, boiling foui^in at, 29. 


Schwanhard, Henry- his method of 
etching on glass, 312 
Seggars, proper materials for the 
construction of them wantmg in 
England, 55 Use of. 56L 
Severus, Alexaiidci, ni» tax on 
glass, 1S3 

Silica, 2b Analvsis of, 28 
Mapinng, the process of, 41 
formed diy steam power, 42* 

Slip, the mixture used in pore 
maiiuf icturc, >9 

Spuina miris, its emplovmmt in 
|>orcelain works in Spain, o4 
Steatite, or soapstone, Cornish, , 
analysis of, k> 

St. Goliain, glass manufactory at, 
l>i Its caih failure, and revi- 
val. 1^7 

Stem wire, its composition, 71 
Best description of it made at 
Lambeth, 72 * 


Tablcuwareof Wedgwood, 16 
Tt.ri cotta ot Wedgwood, 17 
ihcvart, his invention of plate 
glass, IKi • 

Ihermomctcr tubes, mode of giv- 
ing them an elliptical bore, 
Throw mg, the proioss of, 4b 
lower.porcelain at Nan-king. 190 
Tboii ten I, 116 

I urning-latlic of the potter, 47 


Vasa, Murrhma, formed out of a 
transparent stone, 7 
Vaie, Portland or Barbcnni, 5J 
Farther account of, 183 


Wdteh glasses, manu&cture of, 231 
Eunette glasses, 233. 

Webber models the Portland or 
BarberiTii wise, 63 
Wedgwood, Josiah, his improve- 
ment in the manufacture of por. 
celam, 15 His taU^wace, 
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queen’s-waiii ; terra cotta; ba. 
saltea; wliiw porcelain biscuit; 
bamboo ; jMper, 17. His por. 
celain biscui^ used by chemists, 
18. His evidence before a com- 
mittee of the privy coundl, 19. 


His pyrometer, S7. 
ragcment to artists, i)3. HU great 
services in the painting of por- 
celain, IR. ^ ’ 

'White poredain biscuit of* Wed^- 
wood, 17. 
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